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A STUDY OF THE PHYSICO-CHEMICAL CHANGES ACCOMPANY- 
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(Received for publication on the 8th September 1931.) 

(With Plate I and two text-fig ores.) 

Introduction. 

The problem of reclaiming alkali and hollar soils is as old as the art of agricul- 
ture. The presence of alkali in the soils and the methods of their ieclamation were 
studied long before the origin or nature of hollar soils was understood by the 
scientists. The earlier workers attributed the toxicity of alkali soils exclusively to 
the presence of excess of soluble salts, and the general opinion then held was, that 
these toxic conditions could be removed by leaching with water. This method 
only proved to be palliative in certain cases only, and no permanent cure was 
effected. Later on Berthollet, Hilgard and Mondesir pointed out, that under 
certain conditions these excessively soluble salts, especially those of sodium, caused 
the formation of sodium carbonate, which had a harmful effect on the plant roots. 
Since the toxic condition was believed to be due to the presence of free alkali, 
methods were sought by which alkalinity could be neutralised with the help of an 
acid. Lipman [1916] suggested the use of sulphuric acid and elemental sulphur for 
this purpose. P. L. Hibbard [1921], working on the suggestion of Lipman, first 
tried the effect of sulphur coupled with leaching, but later on he [1922] studied 
the effect of gypsum as a possible means of supplying the sulphate radical. 

The discovery of gypsum and its fertilising value was made known as early as 
the latter part of the eighteenth century, but how it acted was at the tim e little 
understood. Hibbard as the result of his experiments with gypsum concluded that 
excessive alkalinity could be neutralised with gypsum, but as the reaction by 
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which sodium carbonate is converted into sodium sulphate is a reversible one 
there is every tendency of the back-reaction setting, in. e on y me ' o 

preventing the reversal of this reaction is either by increasing the concentration 
calcium sulphate in the soil solution or by removing the products of reaction 
through leaching. The former is impracticable on account of the low solubi 1 y 
gypsum in water, and the latter has been practised with a certain amount of success. 

411 these methods were being practised with varying success on different types 
of Mhr soils when the researches of Gedroiz, Hissink, and de’ Sigmond on the 
phenomenon of base-exchange in soils were rendered available. These scientists 
working independently in different countries established an important fact that the 
soils possess a remarkable property of base-exchange. On the basis of. tins theory 
they pointed out that a portion of the soil base which usually resides in the clay 
fraction is always held up in the soil in a different condition from the rest of the 
bases, and other things being equal, is directly responsible for the fertility of the 

The phenomenon of base-exchange as studied by these authors furnished a basis 
for further investigations into the nature and formation of /collar soils. Joffe and 
Mclean [1924, 1, 2, 3, 4] took tip Gedroiz’s idea and studied the colloidal, physical, 
chemical and biological aspects of alkali soils. Kelley and Brown [1925] made a 
detailed study of alkali soils with special reference to base-exchange phenomenon, 
and came to conclusions more or less similar to those arrived at by Gedroiz and 
Hissink. All these base-exchange workers definitely proved that a normal soil 
ejatiste mainly of calcium clay, but under adverse conditions excess of sodium 
salts can react with the clay fraction and produce what may be designated as 
sodium clay. This sodium clay when once produced cannot be cured by methods 
of leaching alone. For any permanent cure the first essential is to break up sodium 
clay with the help of chemicals such as gypsum or calcium chloride which would re- 
convert sodium clay into calcium clay. 

.From the practical point of view it is important to know what fraction of the 
total exchangeable sodium in alkali soil could be replaced by calcium before a crop 
can be grown on it successfully. It is also necessary to know what amount of these 
chemicals would be needed to bring about this change in the soil under field condi- 
tions. The two important sources of calcium for this purpose are gypsum and 
calcium chloride. The former suffers from a little disadvantage on account of its 
being sparingly soluble in water. The exchange reaction, as already pointed out, 
is a reversible one and proceeds according to the following equation 
Sodium clay + CaS0 4 ^ Calcium clay + Na 2 SO* 

Even if the products of reaction are thoroughly leached, it is extremely difficult 
to bring the reaction to completion owing to the limited solubility of calcium 
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sulphate in water. In this respect calcium chloride possesses a distinct advantage 
.over gypsum. If this reaction were to proceed according to the above equation, 
in that case with the help of calcium chloride, it should be possible to complete the 
reaction with one application alone. Thus, calcium chloride presents a possibility 
of reclaiming alkali soils with one heavy dose of the chemical to be followed by 
thorough leaching with water. . 

The physico-chemical changes in the soil accompanying the course of replace- 
ment of sodium by calcium with the help of these chemicals are little understood. 
The object of the present investigation was to study these changes in detail during 
the entire process of reclamation on representative types of kallar soils in the 
province. , 

Experimental. 

Four different types of kallar soils, one each at Lyallpur, Kala Shah Kaku, 
Montgomery and Bara Farm, were selected for the experiment, As pointed out by 
Kelley [1922] alkali soils are exceedingly variable in composition, therefore, consi- 
derable difficulty was experienced in selecting a piece of land uniformly affected 
with kallar . Broadly speaking, from the kallar point of view the area at Lyallpur 
has a very high concentration of salts, and Kala Shah Kaku soil represents typical 
rice land, while the soil at Montgomery Is of bari nature, and in respect of the 
alkali trouble is believed to be the worst of the whole lot. Experiments were 
conducted on all the different types of kallar soils, but in the present communica- 
tion we will merely confine ourselves to observations made on bari type of soil and 
reserve the remaining data for future consideration. 

Nature of soil . 

Amongst the alkali soils in the Province, the Montgomery soil ordinarily known 
as bari is a fairly common type, and is chiefly to be found in the semi-arid 
districts of Montgomery, Multan, and Lyallpur. No vegetation of any description 
whatsoever grows on these lands and from a distance the whole area represents the 
appearance of a mirage. The surface soil is extremely hard, difficult to plough and 
lacking in permeability. On irrigation, water remains on the surface for a number 
of days and very little of it percolates into the sub-soil. On drying, the soil cracks 
into hexagonal shaped blocks and forms a crust on the surface known as ‘ Papri h 
The soil contains a fair amount of calcium carbonate and is more or less uniformly 
impregnated with kallar salts, having a maximum concentration at a depth of 4 ft. 
The soluble salts vary in the top layer from 0*63-1*07 per cent., and the mean figure 
for a four feet column is about 1 per cent. Mechanical analyses of two represen- 
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tative samples of ban soil and the ‘ Papri usually found on 'the surface of such 
soils gave the following figures : 

Table I. 


Clay 


^ 19-01 

l 20-69 
78-40 


Fine silt 


14-26 

13*45 

13*00 


Silt 


20*12 

24*12 

3*28 


Fine sand 


45*28 

38*60 


Sand 


0*51 

2*20 


Gravel 


Montgomery soil . 

Papri .... 

Mere l y on the basis of mechanical texture, the soil ought to manifest average 
fertility, but experience shows that such is not the case. Again, when the results o 
chemical analysis (Table II) are examined, it is found that the soil possesses a fan- 
percentage of potash and phosphate but is somewhat lacking in nitrogen and 
organic matter. The loss of organic matter usually occurs in alkali soils on leaching, 
as a result of which valuable organic substances are lost owing to the solubility and 
high, dispersion of these substances in alkaline solutions. 


rev . TT 





Insoluble residue 


Soluble silica. 


Aluminium as ALQ< 


Calcium as CaO 


Magnesium as MgO 


Sodium as lSTa a O 


Chemical 

analysis 

Available 

analysis 

78-98 

{ - 

£ 79-85 


r 0*20 

} 

( 0*19 

5 

^ 4*!3 

} 

( 4-39 

5 '' 

C 5-79 

} 

l 5-S0 

3 • 

^ 3-S6 

i 

( 3-82 

3 - 

r 2-18 

> 

( 2-41 

5 ■” 

^ 0-5822 

I 

l 0-5419 

5 " 
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Table II — oontd. 






Chemical 

Available 





analysis 

analysis 

Potassium as K^O • 





0-08S5 




0*1017 





0-2482 

0*0948 

Phosphorus as P a O ft . 

* 

• 

{ 

0-2631 

0-0911 




< 

0-0294 


Nitrogen as N , 

0 o 

• 

0*0238 

... 




( 

0-39 

IM 

Organic matter .... 

' ' ' 


l 

0-30 



From the point of view of soluble salts it was observed that, even though by 
leaching the total solids are reduced considerably, the soil itself does not improve. 
Consequently there is something radically wrong with the soil which is responsible 
for its complete infertility. As we shall show later on, the kallar trouble in these 
soils is mainly due to a deficiency in exchangeable calcium, and can be explained in 
terms of the ratio between monovalent and divalent bases present in these soils. 


Plan of experiment 

Plots measuring 1/20 of an acre were laid out according to the following 

scheme : — 



Fig. 1. 
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The whole area measuring 4 hands is divided into 10 plots with a number of 
controls, and with an interstrip and a double bund between each plot. The object 
of the double bund is to prevent overflowing of water from one plot to the other. 
Alongside these plots exists an exit channel which carries the drainage water into 
a pit. 

Treatment 

All the plots were first thoroughly soaked and leached with water. Then 
powdered calcium chloride and gypsum at the rate of 1, 1|, and 2 tons per acre were 
ploughed into the soil In this condition the plots W'erc left over for about four 
months during which period they were occasionally watered and stirred up in order 
to ensure thorough mixing up of the chemicals 'with the soil. At the end of this 
period all the plots were leached with water again, and a suitable crop was sown in 
them. A similar treatment was followed for another three years. At the end of 
the fourth year, farmyard manure at the rate of 14 tons per acre was applied to all 
the experimental plots as it was observed that although they had improved their 
lime status, they were still deficient in certain essential plant-food materials. 


Sail Sampling . 

Soil sampling was done in individual plots before and after each treatment. 
With the help of a soil auger one foot samples wore obtained down to a depth of 
4 ft. While sampling after the treatment, it was observed that the soils in the 
treated plots had become distinctly porous, and moisture in them had travelled to 
a greater extent than in controls or leached plots. 

' A reference to the moisture curves reproduced below shows the extent to which 
moisture has travelled in different plots. Calcium chloride plots show on the whole 
the highest moisture content, followed by gypsum, leached and control plots. In 
the 9th plot which has received calcium chloride at the rate of 2 tons per acre the 
amount of moisture even at a depth of 6 feet is about 17 per cent., whereas in. 
plots VII and VIII (control and leached plots) the moisture content at the 
same depth is about 6-7 per cent. This clearly indicates the effect of these 
chemicals on the permeability of these soils. There is, however, a sudden break in 
the calcium chloride curves at a depth of 4 ft. while in other cases at a depth of 
3 ft This is due to a difference in the texture of the sub-soil strata which become 


Moisture Percentage on ouen Dried $01/ 
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distinctly heavy and full of kanhar between the depths of 3rd and 4th ft. Beyond 
this the curves follow a natural course. 



Fig* 2. 


Crop. 

Swank was sown in all the experimental plots during the first two years, but 
later on, it was substituted by wheat. The sowing of swank was done in the first 
instance because experience had shown that this is by far the best crop that can be 



The estimation of the exchangeable bases, viz., Ca, Mg, Na and K of the first loot 
soil samples, taken before and after each treatment, was done according to the 
method of Hissink [1923]. While carrying out this method it was observed that-, 
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grown cm these inferior soils with any measure of success A statement of yields 
obtained from different plots daring four successive years is given in Table 111. 

Table III. 

Mowing the crop yields at Montgomery Agricultural Statio n . 


Plot 

No. 


1827-28 


Swank 


Yield per Acre 


Grain 


aids. Srs. Oh. 

0 
0 


Straw 


Mds. Srs. Ch. 


1828-29 


Swank 


Yield per Aero 


Grain 


Mds. Srs. Ch. 

0 36 14 

1 85 10 

0 0 14 

0 16 14 

2 14 

0 30 0 

mi 

Nil 

1 31 14 
0 10 10 


Straw 


Mds. Srs. Ch. 
20 13 2 

24 34 G 

12 23 2 

11 33 2 

20 8 12 

10 20 0 

Nil 
Nil 

19 18 2 

19 29 6 


1929-30 


Wheat 


Yield per Acre 


Grain 


Mds. Srs. Ch. 

4 10 0 

3 30 0 

0 22 
1 0 

5 30 
2 0 

Nil 
Nil 
3 20 
2 SO 


Straw 


Mds. 

12 

7 

2 

4 

12 


Srs. Ch. 
13 5 


27 

0 

7 

30 

25 

Nil 

Nil 

20 

0 


1930-31 


Wheat 


Yield per Acre 


Grain 


Mds. Srs. 
12 5 

10 20 
1 30 

4 0 
14 25 

5 23 
Nil 
Nil 

9 13 

3 10 


Ch. 

0 

0 

0 

0 

0 

0 


Straw 


Mds, 

£0 

15 


Srs. Ch. 
0 0 


A reference to this table shows a progressive improvement of the treated plots 
from year to year. The maximum improvement, however, has been noticed in the 
4th year when in addition to the ordinary treatment an average dose of farmyai 5 
manure was also administered. During that year the calcium chloride tieated pie U> 
have given about the same yield as can be expected from a normal soil in that 
locality. The gypsum-treated plots are next in order, while there is hardly any 
difference between controls and the leached plots both giving hardly any yield. 
Inspite of the fact that plots IX and X received the highest dose of treatment, yet 
they do not give the maximum yield. This is due to the fact that in the initial 
stages plots VI— X are distinctly very much inferior to plots I— V, 


Exchangeable bases . 

The estimation of the exchangeable bases, viz., Ca, M; 
soil samples, taken before and after each treatment 


PH ySICO-CHEMICAL CHANGES ACCOMPANYING RECLAMATION IN AKLATJ SOILS 9 


tliongli It is generally applicable to alkali soils, yet certain difficulties are experienced 
in case of soils containing either sodium carbonate or water-soluble calcium. How- 
ever, both these are practically absent in Montgomery soils. Kelley s suggestion 
[1930], regarding the use of hot sodium chloride solution for treating the soil in 
order to give a uniform extraction of CaC0 3 . in both the litres of the filtrate, was 
already being followed as a modification in Hissink's method. 

A statement of exchangeable calcium content of these soils, given in Table IV, 
shows that each application of the chemicals improves the lime statue of the soil 


Table IV. 

Exchangeable calcium depicted as percentage on air-dried soil (before and after treatment)* 


Plot 

No. 

1st treatment 

2nd treatment 

3rd treatment 

4th treatment 

Before 

After 

Before 

After 

Before 

After 

! 

Before 

After 

1 

0*0496 

0*0556 

| 0*0586 

0*0651 

0*0674 

0*0845 

0-0719 

0*0905 

2 

0*0487 

0*0531 

0-0472 

0*0716 

0*0657 

0*0724 

0-0630 

0*0711 

: 

3 

0*0583 

0*0424 

0-0570 

0-0358 

0*0573 

0*0539 

0*0500 

0*0436 

4 

0*0403 

0*0403 

0*0504 

0*0371 

0*0600 

0-0320 

0*0420 

0-0436 

5 

0*0445 I 

0*0445 

0-0586 

0-0699 

0*0859 

0*0892 

0*0921 

0-0872 

6 

0*0109 

0*0339 i 

0*0438 

0*0387 

0*0758 

0*0842 

0*0646 

0*0824 

7 

0*0212 

0*0249 

0*02.15 : 

0*0260 

0*0337 : 

0*0269 

0*0275 

0*0242 

8 

0*0410 

0*0294 ’ 

0*0437 

0*0263 

0*0286 

0*0320 

0*0275 1 

0*0162 

0 

0*0395 

0*0665 

0*0707 

0*0879 

0*0774 

0*1014 

0*0824 

0*1164 

10 

0*0295 

0*0499 

0*0569 

0*0731 

0*0758 

0*0926 

0*1164 

0*1201 


Treatment with chemicals was continued for a period of fou r years on the assump- 
tion that a normal soil contains about 0*1 per cent, of exchangeable calcium* 
Another fact which led to the same belief is furnished by experiments (described 
elsewhere) on hari soil in percolation tubes, which showed that when maximum 
replacement of sodium by calcium takes place, the calcium content of this type of 
soil is improved from 0*03 to 0*14 per cent. Thus in all these experiments an 
attempt was made to raise the content of exchangeable calcium to about 0*1 per 
cent, through successive treatments. 

Table V indicates the extent to which sodium can be replaced by calcium In the 
exchange complex over a period of 4 years. A study of this table reveals that an 




. i 


* 

* i 
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application of calcium chloride and gypsum at the rate of 1 ton per acre replaces 
sodium to a limited extent only, and the lime status of the plots is improved from 
19 to 49 in one case, and 22 to 49 in the other. Beyond this, however, there is no 
more replacement with further treatments of the chemicals. This may be due to 
the fact that at that particular stage an application of 1 ton per acre of the chemicals 
does not produce sufficient concentration of calcium in the soil solution to bring 
about further displacement of sodium by calcium. A maximum replacement, 
however, in these experiments is effected through a treatment of 2 tons per acre, 
when calcium is improved from 11 to 89 in one case, and 10 to 72 in the other. 
These results clearly point out the possibility of greater replacement of sodium by 
calcium with heavy doses of the chemicals given in few instalments. The calcium- 
sodium ratio as depicted in the first column (before any treatment) also shows the 
relative fertility of the plots before the experiments were undertaken. Plots 1 — V 
with a calcium content varying between 19 and 22 are distinctly superior to 
VI — X, with a calcium content varying between 10 and 11 only. 


f ] < 



Table V. 


Ratio of calcium to sodium depicted as percentage on air-dried soil 
{Before and after treatment.) 


2nd treatment 


3rd treatment 


4th treatment 


Before 


After 


1st treatment 

Before 

After 

19 

81 

35 

85 

22 

78 

29 

71 

20 

80 

23 

77 

21 

79 

23 

77 

20 

SO 

28 

72 

, 11 

89 

20 

80 

11 

89 

11 

89 

11 ; 

89 

11 i 

89 

11 : 

so 

24: 

76 

1 10: 

90 

18 : 

82 


Before 

After 

48 : 54 

46 : 64 

44:66 

43 : 57 

19 : 81 

17 : 83 

20 : 80 

20 i SO 

62 : 48 

58 : 42 

42 : CS 

1 51 ; 49 

13:87 

: 12 : 88 

11 : 80 

10 : 90 

79 : 21 

80 s 11 

66:34 

72 : 28 


I 


PHYSICO-CHEMICAL CHANGES ACCOMPANYING RECLAMATION IN ALKALI SOILS 11 

Table VI gives the ratios of monovalent to divalent bases before and after each, 
treatment. This confirms the general conclusions already arrived at on the basis of 
calcium-sodium ratio. A higher ratio of divalent to monovalent bases contributes 
to the fertility of the soil, while a low ratio contributes to infertility. It also 
indicates the relative fertility of the plots before the experiments were undertaken. 
More definite results based on the ratios of monovalent and divalent bases have, 
however, been obtained from pot experiments to be described later. 

Table VI. 

Ratio of divalent to monovalent bases depicted as percentage on air-dried soil 


(Before and after treatment) 



Table VII gives the pH values of the soil samples obtained from the experi- 
mental plots. The determinations were made with the help of an antimony 
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electrode [Snyder, 1928] and the results were further checked by comparing them 
with those of buffer solutions and soils of known pH value. These results point out 
that in the treated plots there has been a steady fall in the pH value, but the 
controls and the leached plots have shown increased alkalinity at the end of the 
experiment. This is due to the fact that in the case of treated plots, owing to the 
replacement of Na by Ca, and subsequent leaching the pH value is reduced, but in 
the case of controls and leached plots the sodium zeolites have a tendency to 
undergo hydrolysis which in the presence of soluble sodium salts is considerably 
retarded. But on leaching, the concentration of sodium salts is considerably 
reduced, and this promotes the hydrolysis of zeolites, which in. turn is manifested 
by an increase in the pH value of the soil This clearly points out that on such 
soil a treatment with calcium salts is essential, and that mere leaching of these soils 
cannot bring about any permanent cure and may on the other hand do more harm 



Table VII 


Hydrogen-ion concentration determined in 1 : 2*5 ratio of soil to water . 


(Before and after treatment.) 


4th treatment 


2nd treatment 


3rd treatment 


1st treatment 


Before 


After 


Before 


After 


After 
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Correlation of crop yields with ratios of divalent to monovalent bases ; 

Table VIII depicts the relative fertility of the plots based on the crop yields 
on the one hand, and the ratios of calcium to sodium and divalent to monovalent 

Table VXIL 


Statement showing the relationship of crop yields to the ratio of calcium to sodium, 
and divalent to monovalent bams . 



1st treatment 

2nd treatment ! 

3rd treatment | 

4th treatment 

Total yield of 
crop 

“ o 

75 ^ 

G 

<4-1 r* 

s § 

B .5 b 

CS o <33 

Ph 

g § 

.£ o 

3 

"o S 

.2 43 A 
•43 S eg 
e6 A > 

? 

Total yield of 
crop 

Ratio of cal- 
cium to 

sodium 

Ratio of diva- 
lent to mono- 
valent 

CM 

O 

•VJ 

V* 

M pH 
c3 O 

"o o 

Eh 

Ratio of cal- 
cium to sodi- 
um 

it 

^ a 

° ^ g 

2 "S At 

P3 

o 

2 

3 

<3 O 

-ip Jp 

EH ° 

Ratio of cal- 
cium to sodi- 
um 

Ratio of diva- 
lent to mono- 
valent 






GROUP A ; 






I 

I 

I 

II 

I 

I 

V 

V 

v 

V 

V 

V 

V 

V 

IX 

V 

V 

V' 

I 

I 

I 

I 

I 

I 

II 

II 

V 

I 

II 

II 

II 

II 

II 

11 

II 

II 

IV 

in 

IV 

III 

III 

III 

IV 

IV 

III 

IV 

IV 

III ' 

III 

IV 

in 

IV 

IV 

IV 

III 

m 

IV 

III 

III 

IV 






GROUP B 






IX 

IX 

IX 

IX 

IX 

IX 

IX 

IX 

IX 

IX 

IX 

IX 

X 

VI 

X 

X 

X 

X 

VI 

X 

VI 

VI 

X 

X 

VI 

X 

VI 

VX 

VI 

VI 

x 

¥1 

X 

X 

. VI 

VI 

VII 

• VII 

VII 

VII 

VII 

VII 

j vn 

vin 

VII 

' VII 

VII 

VII 

VIII 

VIII 

VIII , 

VIII 

VIII 

VIII 

j VIII 

VII 

VIII 

VIII 

VIII 

VIII 


bases on the other, extending over a period of four years. According to the 
relative fertility of the plots, as determined in the beginning of the experiment, the 
experimental area has been divided into two sets, (A) comprising I— V plots and 
(B) VI— X plots. The plots have been arranged in vertical columns according to 
their values in descending order* 

]7rom the scheme it will be seen that the usual arrangement in the treated plots 
in (A) up tc the end of second treatment is I, V s II, but in subsequent treatments 

c 
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plot Y having given higher yields than plot I, the arrangement becomes V, I II. 
Plots III and IV, being control and leached plots and there being hardly any 
difference between their treatments, change place occasionally. 

In B, the usual arrangement in the treated plots based on crop yields up to 
the end of second treatment is IX, X and VI, but later on plot VI, having done 
better than X, the arrangement becomes IX, VI, X. Based on ratios alone, plots 
VI and X change places occasionally. The controls and leached plots, as usual, 
are worse than treated plots and the usual arrangement throughout is VII 
and VIII. 

This scheme clearly shows that on the whole there is a fairly close agreement 
between the fertility of plots as determined by crop yield and the ratios of divalent 
to monovalent bases. 


Dispersion Coefficient, 


Puri and Keen [1925] and Puri [1930] have shown that dispersion coefficient 



can be used for comparing the state of aggregation of soil particles in different soils. 
It is a matter of common observation that soil particles in most of the alkali soils 
are so closely cemented with one another, that they render the soil entirely Imper- 
meable to water, but as already shown, when these soils are treated with calcium 
salts, the physical condition improves considerably and they become more permeable 
to water (see moisture curves, Fig. 2). Therefore, it seemed feasible to seek for a rela- 
tionship between the dispersion coefficient of soils under examination and the 0a~ 
Na ratio in the exchange complex as already determined and reproduced again for 
the sake of comparison in Table IX. 

Table IX. 


Ratio of calcium to sodium. Dispersion coefficient. 


pH value 


Before 1st 
treatment 


After 4th 
treatment 


I 

, 

. 19 : 

81 

40 

54 

II 

, 

22 : 

78 

43 

57 

III 

. 

“r 1 20 * 

80 

17 

83 

IV 

. 

. I 21 : 

79 

20 

80 

V 

• 

. I 20 i 

80 

08 

42 

VI 

. 

. Us 

89 

51 

49 

VII 

. 

. 11: 

89 

12 

8S 

VIII 

. 

. 1 IB : 

87 

10 

90 

IX 

a 

. 1 xl : 

89 

89 

11 

X 

• 

. | 10 : 

90 

72 

28 


Before 1st After 4th Before 1st After 4th 
treatment treatment treatment treatment 
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The determinations were made according to Pirn's method, but it was observed 
that like moisture content, the presence of soluble salts, especially those of sodium 
f and calcium caused considerable variations in the dispersion coefficients. Leaching 

* of the soluble salts with water, on the other hand, does not improve matters, as it 

is apt to disturb the equilibrium existing between the forces of cohesion and 
> dispersion of the soil particles. However, the investigation is still in hand and it 

{ is hoped to overcome these difficulties and devise a method for determining soil 

fertility based on dispersion of soil particles. The results of dispersion coefficient 
with the present method give at best a comparative value of the relative fertility 
| - of the different plots, but do not furnish any definite quantitative data. 



Tube Experiments . 

In order to determine the exact close of calcium salts required for maximum 
displacement of sodium hy calcium in a bari soil, experiments were conducted in 
percolation tubes specialty prepared for the purpose. Similar experiments were 
also carried out with a normal soil by treating it with sodium salts in order to study 
the reversal of the above reaction. 



Glass tubes of equal bores and 1 ft. in length were uniformly packed with 
200 grins. of bari soil, and two tubes of the same dimen sions with equal amount 
of normal soil. The lower ends of the tubes were fitted up with rubber stoppers 
through which passed a small glass tubing of equal and uniform bore. Between 
the rubber stoppers and the soil a packing of glass wool was interposed. This 
prevented the washing down of soil particles during the process of leaching, and 
quite clear percolates were obtained with the help of this device. 

Ban soil was leached with calcium chloride solution and normal soil with 
sodium chloride solution. Leaching was continued to a state of saturation in 
each case, and this was determined by estimating the amount of calcium present in 
the percolates. Altogether 200 c. cs. of calcium chloride and 200 c. cs. of sodium 
chloride were required to complete the reaction. 


The amount of exchangeable bases together with ratio of divalent to mono- 
valent bases determined in the soils after the completion of the reaction are given in 
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Table X. The results clearly show that a high ratio of divalent to monovalent 
bases contributes to the fertility of the soil and vice vet set* 


Table X. 

[Tube Experiments .) 
Exchangeable bases as percentage on 


Disper- 
sion co- 
efficient 


Potas- 
sium as 


Magne- 
sium as 
Mg 


Sodium 
as Na 


Calcium 
as Oa 


Serial Description of 
No* the soil. 


Calcium chlo- 
ride treated 
soil 


Bari soil un- 
treated 


3 Normal soil 
treated with 
sodium chlo- 
ride 


4 Normal soil 
untreated 


Pot Experiments . 

On the basis of the results obtained from the tube experiments 666 grins* of 
calcium chloride and 1032 grim of gypsum (containing equivalent amounts of 
calcium), were added to 12,000 grms. of bari soils and placed in earthenware pots 
(diagram). A similar treatment with 696 grins, of sodium chloride was given in 
12,000 grins, of normal soil. The chemicals were left over with the soil in moist 
condition for about 4 months and during this period the soils were occasionally watered, 
and stirred up in order to ensure thorough mixing up of the chemicals with the soil 
Eventually the soils were thoroughly leached and wheat was sown. (Pi. L, figs. 
1, 2). Table XI depicts the ratio, of exchangeable bases tabulated against crop 
yield and dispersion coefficient of the soils. Bari soil as such and noinial soil 
treated with sodium chloride do not give. any yield at all. A second statement of 
crop yield for the year 1930-31 shows the possibility of greatly improving a calcium- 
treated soil with 'an average dose. of farmyard manure. The results cleanly show a 
distinct correlation between the crop yields on the one hand, and the ratio 'of 
divalent to monovalent bases and the dispersion coefficient on the other. A high 


Ratio of divalent 
to monovalent 
bases 

Ratio of 
calcium to 
sodium 

Diva- 

lent 

Mono- 

valent 

Ca- Na 

90 

10 

97 3 

21 

16 

79 

84 

20 SO 

15 85 

73 

27 

82 18 



Bari soil 
treated (flooding 
and washing), 


Bari soil 
treated (calcium 
chloride). 


Bari soil 
treated (gypsum), 


Bari soil 
untreated 
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ratio of divalent to monovalent Bases and a low dispersion coefficient gives a clear 
indication of the fertility of the soil and vice versa . 

Table XI. 


(Pol Experiments,) 

Ratio of divalent to monovalent bases , of calcium to sodium and dispersion 
coefficient tabulated against crop yield. 




Ratio of divalent to mono vale 

nt bases 


Total yield 

Total yield 

Serial 

No. 

Description of 
the sol! 

Divalent 
Ca, Mg 

Mono- 
valent Na # 
K 

Calcium 

Ca 

Sodium 

Na 

Bitepei- 
sion co- 
efficient 

oi crop 
without 
farmyard 
manure 

of crop 
with farm- 
yard manure 








1929-30. 

1930-31. 

1 

Bari soil treated 

with calcium 
chloride 

82 

IS 

92. 

8 

16-20 

10*30 grins, 

17*7 grms. 

2 

Bari soil treated 
with gypsum 

55 

45 

59 

41 

24-80 

i 6-84 „ 

14*3 „ 

3 

Bari soil control 

10 

90 

8 

92 

94-68 

nil 

nil 

4 

Bari soil flooding 
and washing 

15 

S3 

12 

| 88 

82-4.6 

nil 

nil 

5 

Normal soil | 

treated with 
sodium chlo- 
ride 

21 

79 

23 

77 

96-28 

nil 

nil 

6 

Normal soil 

treated with 
sodium chlo- 
ride 

23 

77 

22 

78 

96-68 

nil 

nil 

7 

Normal soil con- 
trol 

70 

30 

84 

16 

36-58 

13*03 grms. 

ll'S^grxns, 

$ 

Norma! soil con- 

66 

34 

: 63 

37 

40*88 

10-36 „ 

9*8 „ 


troi 









Summary, 

1. There are different types of hilar soils which require different treatments 
for their reclamation. Therefore a preliminary study regarding the nature and 
origin of hollar is a first essential towards any method of reclamation. 

2. In certain soils excess of sodium salts react with the clay fraction, and 
produce what is known as sodium day. In order to improve these soils the first 
essential is to convert sodium clay into calcium clay with the help of calcium salts. 
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. 8 . Leaching and drainage alone in such soils cannot bring about any permanent 

cure, and may do more harm than good in the long run. , 

4. Tie extent of Mlar trouble in such soil is measured by a ratio of sodium to 

calcium or a ratio between the monovalent and divalent bases present m t e ex- 


change of caldum ^ required for the reclamation of such soils 


depends on the sodium present in the exchange complex. . 

6 . The dispersion coefficient may furnish as a ready method for determining ■ m 
relative amounts of exchangeable calcium and sodium m the Mlar soils. 

7. With the help of calcium salts followed by a treatment of farmyard manure 
it is possible to improve the ban soil to the status of a normal soil. 
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I. Introduction. 

: The sugarcane is a long-duration crop all the world over, occupying the land 

! for as much as twenty-four months in Hawaii. In India the cane is on the land 

only from twelve to fourteen months ; but, even so, the period often corresponds 
1 to that of two other short duration crops. In the past, attempts have been made 

both in India and elsewhere, to evolve short duration canes chiefly for extending 
■ the period of crushing in the factories. 

Short duration canes have a special use in sub-tropical regions like Louisiana 
and North India on account of the rather limited available growth period for canes 
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in such regions. In parts of North India, for instance, the cane is planted in the 
ground even as late as the middle of March. High temperatures without humidity 
—unfavourable conditions for cane., growth prevail in these parts till about June. 
The monsoon months of June to September, with their high temperatures combined 
with high humidity, are the months most favourable to cane growth ; but these 
are soon followed by the winter months of low temperatures which are again 
unfavourable for such’ growth. It will thus be seen- that canes' in such regions barely 
get a six month period in which to build up tonnage and ripen the juice. 

To try and meet this situation, the Sugarcane Station at Coimbatore— which 
had been charged with the task of breeding improved canes for every part of India 
• — had kept in view the evolving of early maturing or short duration varieties \ and 
a certain amount of success has , been attained. The Coimbatore canes — Co. 214, 
Co. 281 and Co. 290— axe examples of such breeding. These have been welcomed 
in sub-tropical North India as, with these canes, it has been possible to start the 
factories or the manufacture of gur (unrefined sugar) by the indigenous methods 
earlier than with the other extant kinds, 

II. Object or the hybridization. 

for some little time past, it lias been the ambition of the authors, however, 
to breed canes which planted in June would mature in November or December in 
North India. 'It was argued that such canes would save the grower in North India 
the care and attention that are needed by the present cane crops during the 
difficult summer months from March to June. A careful examination of the avail- 
able sugarcane parents showed that none of them was likely to be useful for the 
purpose” as even the earliest of them needed about ten months to ripen. This led the 
authors to turn their attention to the available cereals, which complete their life 
cycles in less, than six months. It was hoped that such hybridization, if successful, 
might yield short duration sugarcanes maturing in about six months. The first 
attempts at these intergeneric hybrids with the sugarcanes included not only cereals 
like jowar (Andropogon Sorghum) and curnbu ( Pennisetum typhoideum) but also certain 
weeds like. Cyperus refundus and Pennisetum Alopecuros . Undoubted hybrids were 
however obtained only with jowar. 

During the first attempts the writers were not quite hopeful of success. 
Though reports on intergeneric hybrids have been current for almost a century, 
authenticated cases have been rare [Babcock and Clauson, 1927], The orchid, 
family has' been pre-eminent in this respect yielding a,, large number of 
ornamental types. Perhaps the two most outstanding instances of intergeneric 
hybridization connected with crop plants are the maize-teosinte hybrids [Collins 
and Kempton, 1920] and hybrids between wheat and rye reported by Wilson as 
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early as 1875, Considerable work lias developed on the latter of these hybrids 
[Love and Craig, 1919 ; Gaines and Stevenson, 1922], Within recent years in- 
teresting work on the nuclear divisions in the pollen mother cells of intergenexic 
hybrids between Tritioum , Aegilops and Secale has been published [Longley and 
Sando, 1930]. The work reported in the present paper differs somewhat from those 
above mentioned in the fact that at least one of the parents employed, the sugar- 
cane, is capable of propagation by the vegetative method. Many of the hybrids 
obtained have shown a similar capacity. The sterility of the flowers, frequently 
associated with such hybrids, is not in this case as much an obstacle for the secur- 
ing of economic results as in the case of crops propagated from seed. 

III. Selection of parents. 

P. 0. J. 2725 was selected as the mother parentbecau.se (1) it is a desirable 
type of cane and (2) this variety, besides being practically devoid of healthy pollen 
of its own, has been known to seed freely at Coimbatore on hybridization. The male 
parent employed was the sorghum known as 4 periamanjal ’ round about Coimbatore, 
the pollen of which was easily available at the time. For brevity this will be 
referred to merely as ‘periamanjal’ in these papers. Mr. G. N. Rangaswami 
Avfaug-vc, Millet Specialist at Coimbatore, has kindly informed mo that the correct 
botanical, name of this sorghum as given by Kew is Sorghum Burra Stapi 

IV. Breeding technique employed. 

As both emasculation and bagging have been giving but poor results at Coim- 
b i tore [Veukatraman, 1925] they have been discarded for hybridization work some 
time back. The first trial cross-pollinations between sugarcane . and sorghum were 
done by isolating the mother arrows, well before their emergence from the enclosing 
leaf sheaths, in places far removed from access of unintended sugarcane pollen and 
dusting the stigmas when ready with the desired pollen. [Veukatraman and 
Thomas, 1926.] Other arrows of the mother similarly isolated but left untreated 
with any pollen were used as controls. In the present case, whereas the controls 
on sowing gave no germinations, those hybridized with sorgnuin pollen gave free 
germination in the pans, sometimes a hundred seedlings per pan. The pans used 
were shallow, circular, earthen pans about five inches high and thirteen inches 
in diameter. 

After assuring ourselves that the periamanjal does hybridize with P. 0. J. 2725 
and form fertile seeds, the following technique was employed to raise these hybrids 
on a bulk scale. Sorghum earheads, with the anthers in condition to open the 
next morning, are collected the previous evening, leaves and adhering sheaths 
suitably trimmed for convenience in handling and the earheads kept in a cool shed 
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with the bases of the stalks under water in earthen pots (PL III, fig. 1). Early 
next morning at about six, these earheads are taken out of the earthen pots and 
tied into convenient sized bundles. These bundles are then wrapped round with 
tissue paper and placed for a time on wooden benches under shade. By about 
7 a.m. the tissue paper packets are found to contain plenty of pollen, most of 
it sticking to the inside of the opened anthers and a small amount adhering to 
the paper wrappers on the inside (PL III, fig. 2). When the cane stigmas are 
ready to receive pollen, the bundles of sorghum earheads are taken to the mother 
arrows, the paper wrappers discarded, and the earheads gently tapped in the 
vicinity of the arrows intended to be crossed. A cloud of pollen Is now seen 
to leave the anthers of sorghum and settle on the cane stigma, s ; and in about 
two to three hours the sorghum pollen could be seen germinating on the cane 
stigmas. The above technique, though perhaps simple, needs some experience 
and delicacy of handling for satisfactory results. 

V. Juice analysis of the six-month canes. 

The resultant hybrids — even the very first lot— have shown considerable 
promise in realizing the object with which the crossing was effected. Over a dozen 
of the hybrids matured in five or six months— both as seedlings and as sett plants—* 
and yielded satisfactory juices at the end of that period (Table I). 

Table I. 


Juice analysis of sugar cane-sorghum hybrids , six months old. 


Seedling No, 

.Brix 


Glucose 

Coefficient ol 
purity 



per cent. 

per cent. 

per cent. 


Co. 351 . 

* 

20-42 

18*53 

0-17 

90*8 

Co. 352 . 

* 

19*31 

17*33 

0*26 

89*6 

Cj. 353 . 

* 

19*01 

16*75 

0*42 

88*1 

Co. 354 . 

• 

IS 38 

16*18 

0*41 

88*0 

Co. 355 . 

- 

17*71 

15-22 

0*58 

85*9 

Co. 356 . 

• 

18*51 

16-11 

0*50 

87*0 

Co. 357 . 

! 

20*15 

18-00 

0*18 

89*3 


The seedlings in the above table possess satisfactory agricultural characters 
as well. Still better juices were obtained from, certain others of . these hybrids, 





Fig. 1. Young sorghum earheads being trimmed and preserved for use in pollination nest morning. 
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but these were unsatisfactory from an agricultural viewpoint, chiefly low tonnage. 
The above analyses are of fair sized samples, all the canes in a twenty-foot row 
of each being cut for crushing. 


VI. Vegetative propagation of the hybrids and of sorghum. 

It was early realized that, to be useful in cultivation, the hybrids should 
be capable of propagation in the vegetative way from setts or cuttings, as this 
would ensure in practically every individual of the field population all the good 
characters of the new types. From the presence of root zone and bud at every node 
and other similarities with the sugarcane, there appeared to exist little need for 
doubt on this score. Soon after cane formation, immature canes from half a dozen 
of the hybrids were cut into setts and planted. These soon grew up and tillered 
like the sugarcane, placing beyond doubt the possibility of vegetative propagation 
of these hybrids. 

This led to an examination of the sorghum stem which showed a general 
resemblance to the cane ; and it was found that, with properly selected material, the 
sorghum also could be grown from cuttings. Thus grown the sorghum plants 
showed slightly broader leaves in the earlier stages. In one series of plots the crop 
from cuttings flowered about a fortnight earlier than that from seed (Plate IV, fig. 
2). Mr. G. N. Eangaswami Ayyangar informed me that the multiplication of 
sorghum from cuttings was done successfully by Andre Piedallu, a Frenchman, 
in 1919. It has been doubted in competent quarters if the growing of sorghum 
from cut ting s will have any use in field practice. One possible use wnuld be in cases 
where it is desired to multiply a particular soigbum plant, without any risk of 
losing through seed the special peculiarities of the plant. 



VII. General appearance of the hybrids. 

In looking over the hybrids from time to time the question naturally suggested 
itself “Do these intergeneric hybrids take more after the sugarcane or the 
sorghum?”. At the outset it has to be mentioned that none of the hybrids grew 
as rapidly as the sorghum, though a certain number of them did finish their life- 
cycles much earlier than the sugarcane parent or any of the cane hybrids with that 
parent. The sorghum parent is practically devoid of tillers hut most of the hybrids 
started tillering like the cane, some of them at a very early stage. Though the 
hybrids included types never before met with in sugarcane seedlings, yet there were 
quite a number of* plants which grew like the cane and analysed like it, certain of 
these combining the early maturity for which the crossing was originally effected. 
When it is remembered that the hybridization was made for breeding sugarcanes and 
not jowms, it will be seen that the results have been in the direction desired. 


i 




A few of 
Sorghum 


yin Brief resume of evidence about the genuineness of the hybrids. 

As to the plants being genuine hybrids between sugarcane and sorghum there 

gw a little. Traces o sorgtan 

blood were clearly seen in the vegetative and crop characters of tie .jus some 

of which are mentioned below. 

1. Shape, texture and surface of the leaf. 

2. Behaviour of leaf on fading. 

3. Single row of root eyes on the root zone. 

4. Shape, size and mode of development of buds.. 

5 Short duration of the crop never before met with m sugarcanes. 

Seek evidence increased considerably when the hybrids began to flower, 
twin earned sorghum-like earheads at the tops of sugarcane stems. 

Mood was further traceable in definite morphological characters like (I) an awned 

Mmth luxe, (2) solid nature of the main axis, (3) shape of lodmules, and (4 
rice of neuter flowers. The hybrid nature of the plants was further confirmed 
by cytological studies of the chromosomes. All such data with illustrations *d) b ■ 
presented in this and subsequent papers. 

IX. Early characters. 

To enable constant comparison the sorghum hybrids were planted in the held 
betweHo sugarcane hybrids of P. 0. J. 2725, viz., P. 0. J. 2725 X'B. 3412 and 
P. 0. J. 2725X06 White Carp, of about the same age. Besides the above, bybirs 
between P. 0. J. 2725 as mother and six other sugarcanes— LadUa, oi<>, •' • > 

n ft 913 Co 231 and Co. 290— were available for comparison nearby, these 
crosses having been effected by Mr. N. L. Butt, the Second Cane Breeding Officer, 
in the course of his breeding work. There was thus plenty of suitable mivterul foi 
instituting valid comparisons at every stage during the growth of the hybm s. 

(a) Shape of first leaf. 

Soon after germination, the broader and shorter first leaves of the sorghum 
hybrids marked them off from the narrower and longer leaves of the cane hybrids. 
The leaves of the sorghum hybrids were further noticed to be lighter green ant 
softer to the feel. The first leaves of sorghum, whether grown from seeds . or 
cutting are lighter green and softer to the feel than those of germinating 
sugarcanes. It was found rather difficult to illustrate these differences, though 
clearly and easily seen in the field ; but an attempt has been made to do so (.1 late 

V). 

(6) Occurrence of albinos. 

In three to four weeks the sorghum hybrids showed quite a large number of 


albinos— eight per cent, in one batch- 


-while the cane hybrids with P, 0. J. 2 


/ 2 » 





P. 0. J. 2725 X Sorghum (Periamanjal) 
30 days old. 


In the early stages the sorghum hybrids are broader leaved, lighter green in colour, softer to the 
feel and slower in growth. They also ccntain “ albinos ” not met with in sugarcane hybrids with 
P. 0. J. 2725. 



pp'"- -1 


(i ‘ « : 
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did not show any (Plate V). Albinos has been reported as common in certain 
seed-grown sorghums. [Conner and Kaxper, 1924.] In a kind communication to the 
senior author, Dr. E. W. Brandes of the Department of Agriculture, U. S. A., states 
that albinos have been noticed in sugarcane seedlings at Porto Rico by Mr. H. P. 
Cowgill. During their twenty years experience of sugarcane breeding at Coimbatore 
the authors have not noticed albinos in cane seedlings. The difference between the 
experiences of Porto Rico and Coimbatore is perhaps due to difference in the kind of 
parents employed. In spite of considerable care and attention, it was not possible 
to save any of the hybrid albinos. Certain of the hybrids with pale green leaves 
did recover after a time, but showed appreciable lack of vegetative vigour through- 
out their growth. 

(<o) Colonization by ApMs inaidis. 

During the younger stages of growth of these hybrids, when double were enter- 
tained by the authors about the genuineness of the hybrids, the insect Aphis 
rnaidis gave an indication of some significance. For constant comparison, both the 
parents, as also two of the cane hybrids with P. 0. J. 2725, were planted on land 
contiguous with the hybrids. _ 

After a couple of months from germination a fair amount oi Aphts maims 
kindly identified as such by Rao Sahib Y. Ramachandra Rao, Government Ento- 
mologist at Coimbatore— -was found to have colonized on the sorghum plants and on 
a few of the sorghum hybrids (half a dozen out of two hundred). The plants of 
P 0 J 2725, as also the cane hybrids with P. 0. J. 272-5 (about three hundred in 
number), were found completely free. Here is perhaps an illustration of an insect 
being able to discover tbe real nature of a population quicker than the morpho- 
logical botanist. 

(d) High mortality among hybrids traced to a poor early root-system. 

From about the third week the hybrids began to die off in large numbers. As 

illustrative of the high mortality it might be mentioned that during the arrowing 

season of 1930, whereas 70,000 germinations were secured, it was found possible to 
plant in the second nursery only about 4,000. This mortality was not confined to 
the albinos alone, but extended even to seedlings possessing normal green leaves. 
Careful root dissections in tbe field showed that this mortality was due to the very 
poor development of the early roots in most of these hybrids (Plate VI). An. early 
an d stron ^ root-system is a very desirable character in sugarcanes as it contributes 
to a goodlnd healthy stand in the field. If all the F. ( plants of this hybiid were 
to show such a character of the roots, the sorghum hybridization would need to be 
given up as unsuited for the breeding of economic types. Fortunately, however, 
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Uie intergenerie lwbri* showed considerable ramtions in this respect ; and certain 
„( the surviving ones enhibited quite an early and good root-system. 


(e) Wide variations in the hyi 
w , S11 „ arcane is grown from seed instead of from cuttings-the usual method 
of in the ^cultivation of this crop considerable variations are noticed 

in the seedlings even when adequate precautions are taken for selfmg the mot wa 
arrows This results in practically as many types as the seedlings raised. T l 
success" of cane-breeding is, in fact, directly dependent on the frequency and range 
‘ f „ uch var i a tions [Venkatraman, 1930], This places the breeding of sugarcanes m 

a class by itself and the familiar methods of handling the material or presenting 

results now associated with the breeding of most other crops are ^applicable to the 
cane [Venkatraman, 1927]. When two cane varieties are crossed with each other 
this variation is generally enhanced resulting in a wider range of types- The 
su^arcaiw-sorghum hybrids showed still greater variations, and many curious forms 
were noticed In the hybrid population (Plates VII & VIII) One seedling out of a 
thousand in one batch was very narrow-leaved and looked like a weed grass T - 
hybrids included many lop-sided forms and quite a large number developed into 
obviously uneconomic types with broad tbickish leaves, little cane formation and 
spreading close to the ground (Plate VIII). 

(/) Water requirements of the hybrids. 

During the twenty years of its existence the Coimbatore Station had developed 

a satisfactory technique for growing young sugarcane seedlings to full maturity. 

All the seedlings bred at the Station are treated in the same manner and no difli- 
oulties were experienced so far. This technique proved however unsuitable to these 
sorghum hybrids ; and it was not till a change was elected that the hybrids grew 

PoJ some time after planting in the ground the cane seedlings used to be 
irrigated, once in three to four days, according to prevailing weather conditions, the 
irrigation water being allowed to run on both sides of the plants, which were planted 
on a ridge in the middle of the furrow. Thus irrigated, the sorghum hybrids showed 
some yellowing and lack of vegetative vigour suggesting over- watering. This raised 
the doubt if, iu the matter of watering, it was right to treat the new hybrids like 
sugarcane seedlings. The sorghum parent used needs much less water than sugar- 
cane and is even grown as a rain-fed crop. It was argued that, if any of the 
hybrids took after sorghum in the matter of. water needs, the irrigation by the 
standard method would be excessive. 
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A change was introduced by forming the irrigation channel only on one side of 
the row of plants and working up the other side into a broad raised bed. The 
irrigation was thus confined to only one side of the plant. It was hoped that such 
of the hybrids as took after sorghum in the matter of water requirements would 
develop their roots on the bed or comparatively c dry 9 side and those taking after 
sugarcane on the irrigation or channel side. The arrangement proved satisfactory 
and the plants began to grow in a normal manner. This has now been adopted as 
the standard method in preparing plots for sugarcane-sorghum hybrids. 
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' B The actual names will become available when Mr. Joshi pubhshes mil cetads of lus 
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Table I — contd. 



Sa= 


/ !i!_ 

J 


+ 


N a 


( 1 ) 


in order to test the signified, of tie differences between the two me™, we Me 
(; m x — m 2 ) by Sa, and write 

x==(m a — m^/sa • 

Using a table of the probability 

o{+otkficians and Biometricians edited by Kail irearsonj, I , 

late tim^proWhftty 1 of occurrences of a diflerence as large » or than the 

observed difference. (A numerical illustration is g.ven ^t w hi it is twice 

frliA observed difference is sometimes taken to be bi c n ■ ■ 

The obsenea amere corresponds approximately to a proba- 

its standard deviation (t.e., x-2). -is coi c p ip almost liever 

rfl* I’ alitt— On the other 

3 times the standard deviation may be safeiy considered s,gmfa nt.__ 


*See discussion in paragraph 12. 
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s The classical theory of errors involves tiree assumptions, namely (a) that 
the or deoi.ti.ns from mean values for both 4 e varmtos am «Hy. 

fli-’tri "buted ii e conform to the G-auss-Laplacian distribution), v ) 
tSSUfc » statistically independent, and («) the observed m«m 

values and observed standard deviations are based on large samples. 

It is clear, therefore, that the classical theory of errors cannot be ^gitmatey 
used for the comparison of mean values based on small samples. uring ■ ® 

15 years a good deal of theoretical work has been done on small samples by a large 
number of statisticians. To E, A. Fisher belongs the credit ot giving certain 
general formula* and also calculating necessary tables for facilitating ® com 
parison of mean values based on small samples. An excellent description o 
method is given in Chapter V of Fisher’s book: “Statistical Methods for Re- 
search Workers ”1% This method, however, does not appear to be familiar o a 
workers in India. A detailed explanation of the numerical calculations may, 

therefore, prove useful. 

4 Let us consider the data given in Table I. We must calculate (a) the 
mean values, and (6) the standard deviations for the different strains. For small 
samples it is usually more convenient to proceed directly (i.e., without grouping). 
The individual figures in Table I are squared (with the help of a table of squares 

like Barlow's Tables of Squares, Cubes, etc.), and added. The work is shown m 

detail for (A) in Table II (a). The gross sum of the squares is 26069*51. We require, 
however, the sum of squares of deviations from the mean. In order to 
find this quantity we calculate a ■ correction ’ which must be subtracted from 
the gross sum. The sum of (x) is + 709*5. Squaring 709*5 we have 503390*25. 

Dividing this quantity by 20 (the size of the sample), we get the correction 

25169*51. Applying this correction (i.e., subtracting 25169*51 from the gross 

f Fisher’s theory is free from the assumption of large samples, but still involves th© two 
other assumptions of (a) normal distributions, and (b) statistical independence. During the last 
5 vears the first assumption (of normal populations) has been examined to some extent, and 
it has been shown that small samples drawn from skew populations (within wide limits) conform 
to Fisher’s theory with closer approximation than to the classical theory. Hence the appli- 
cation of Fisher’s theory to small samples from even fairly skew populations would not usually 
lead to seriously erroneous results. Alternative and more satisfactory tests to suit special 
purposes have also been devised by Egon Pearson, Neyman and others. But Fisher’s test 
continues to he the most convenient one for every day use. The question of correlation be- 
tween the variates has just begun to engage the attention of statisticians, and it is not un- 
likely that further modifications will become necessaiy when this point is more fully investi- 
gated. In fact what is urgently required is a fuller development of the theory of small sampler 
drawn from skew correlated populations. 
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l squares) we obtain finally 900 00 as the sum of squares of deviations from 
an. Also, the mean value is obtained by dividing 709*5 by 20, or 35*475. 

Table II. 

Calculations for Type (A). 


Total 



I , »■ I f a 
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A ^ « o ( — -;"rr z "Ti- 1 — 

by a slight modification of ^ P^ced ^ ^ figures (some 

constant quantity, say 35, from . Table II (b). The squares of 

plus, and some minus) are given m colmnns (H» average 

Lse deviations are entered “^^f^eeing with the previona 

value is easily seen to he given by + Sauaring + 9 -5 (the sum of 

value). The correction is calculated in the sam ^ q A 4 . 51 . subtracting 
deviations) we have 90*25. Si *** 

Harily agrees with the value Lund by the vataM te 

8. The mean value and .run of «juares of devratiom > * J in TsHe ffl. 

the other strains are calculated in the >**» way an ^ , f Tarian ces wlieh 

The sum of square, are next drnded 7 ^ ^ ^ fte quantities S>/20, 

are entered xn column 6 of Table II * 

and these are given in column 7 of the same table. 



Table III. 


Mean values and variances 


Mean value Sum of squares 


Variety 


$*66102 


1*47018 


METHOD 03? COMPARING MEAN VALDES BASED ON SMALL SAMPLES 33 

6. Tile fundamental formulse in Fisher’s method may be now given. Let m* and 
m 0 be two mean values based on samples of size N x and N 2 , and let Si®, S a 2 be the 
two corresponding estimated variances. We then calculate the quantity 

(m a — d?®) 


V¥, 


•+%■ 


When N 1 


: N, we have 

(m t — m 2 ) 


' fik* 4- 8** 


It™. g ^al, ha™ already MM 

the values ot S*/20 in Table HI, column 7, we .hall os. it m the manner shown 
below. 

Let us compare B and A. 

We have — 


20, and formula (4) would be slightly more con- 


m a == 47*68 9 
iB] = 36*47 p 


B//20 * 1*10197 
S a */20 « 2*36842 


Ttas (m. - m.) - 12-2! . and ft W + <S.«/20) - 3-47039 
From Barlow’s Tables we find the square root of 3-47039 to be 1-863. Hence “ t ” 

==1 ^In the^ame way we can calculate the value of “ t ” for any pair of plants. It 
^ w e first tabulate the differences between 

is convenient to proceed systematically, we nrsr uw 

the mean values in Table IV. 

Table IV. 

Differences between mean values. 


+ 12-21 


+ 10-47 


S4 JKDU* JOtIBKAI, o® iOElOTUXtmiJ. SOISBOE [n, > 

The corresponding mto* of (S,*/S0) «• added (for each pair of ptate) 

and entered in Table V. T able V 

Sum of (^t 8 Mi+^2 2 / w 2)- 


B 

3-47039 


3-47039 | 
6 02944 
3-96289 
3-83860 


6-02944 3-95289 3-83860 

4-76299 2-88644 2-57215 


4-76299 

2-68644 5-24549 


2-57215 


6-13120 


5-24549 5-13120 

3-05465 

3-05465 


Tbe corresponding square roots are next found from Barlow’s Tables, and 

entered in Table VL Table VI 

Standard deviations ofd^&wnces^ 

“1 A 1 B j 0 | D E _ 


“ ' | ' | ' — 

Finally tbe difierences - m 2 (given in Table IV) are Med by the corres- 
ponding standard deviations (given in Table VI), and entered m Table VII, whici 
thus furnishes tbe values of “ t ” corresponding to tbe comparison of any parr ot 

P lantSl Table VII. 


I B 

0 

3> 

E 

. . 6*554 

4*265 

1*901 

4*400 

6*554 

0-797 

5*143 

2*238 

4-265 0-797 

.. 

2*921 

0*817 , 

1-901 5-143 

2*921 

* * ' 

2*769 

4-400 2-238 

/ 

0*817 , 

1 

2*769 

• * 
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7. We may now use Fisher’s Table IV (p. 139) to test the significance of the 
observed values of “ t The appropriate value for ‘ n ’ in Table IV will be given 
by (N 1 +N 2 — 2) or 2 (N— 1) when the size of each sample is N. In the present 
case n=(20+20 — 2)=38. Unfortunately Fisher’s Table does not extend beyond 
n=30. This, however, will not seriously hamper its use as the following examples 
will clearly show.* 

Let m consider the comparison between A and B. Here t=8*554. From Fisher a 
Table IY we notice that for even n=30, the probability of occurrence of a value of 
“ t ” as large as 2*75 is only *01, that is 1 in 100. The probability of occurrence 
of a value as great as 6*554- (for n=30, and hence also for n=38) must therefore 
be less than *01. Hence we conclude that the observed difference is definitely signi- 
ficant, that is, it is practically certain that B gives a greater £< percentage success ” 
than A. 

Let us now take B and C. From Table VII, we find t=0’797. Looking up 
Fisher’s Table, we find that for n==oo, the probability of occurrence of a value ‘ t ’ 
equal to or greater than 0797 must be greater than 0-4, i.e., greater than 40 per 
cent., but less than 50 per cent. That is, even when there is no real difference bet- 
ween the two strains, such a value of ‘ t ’ as 0'797 will occur no less than between 40 
and 50 times in 100 random trials. We conclude, therefore, that on the given data, 
we cannot assert that B would give better results than 0. 

8. Proceeding in the same way, we have entered in Table VIII the limiting 

probability for each comparison. f 

Table VIII. 

Signifi cance of differences : Limits of probability . 

| A | B 0 X> B 

<0*01 <0*01 ‘05 & *10 <0*01 

(0*4 & 0*5/ (<Q*Q1) (*02 & *05) 

0*4 & 0*5 «0-01) (0*4 & 0*5) 

<0*01 <0*01 .. About *01 

•02 & *05 0*4 & 0*5 (About *01) 

* We can, of course, if we so desire extend Fisher’s Table IV by interpolation. Let. us take the 
present case for n— 38. For P— *01 we notice that for n=30 the value of * t =2* yfiO is higher than the 
value for n«oo (i.e., for infinitely large samples) t =2-57582, by (2-7o0-2-57582)=0-174lS. We observe 
that -5 y =0-8895 approximately. The interpolated difference then is 0-S885 X 0-17418. Hence the inter- 
polated value of ‘f for n=38wffl be given by 2-5758+0-1549= 2-7307. It is usually sufficient, how- 
ever, to find the limiting probabilities as shown in the text. _ . 

| The brackets in Table VIII correspond to the minus sign in the differences given in Table IV. 
For example, in column 5, the brackets indicate that E gives a lower yield than B and , w e i e 
absence of the bracket indicates that it gives a better yield than A or D. 



.A. . . . ■ ■ * * 

B , . . . «0-01) 

0 « 0 ' 01 ) 

D (-05 & -10) 

E . . . . (<0-01) 


r 


Be 
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B, 0 and E yield significantly greater “ percentage success ” than A ; while B and 
C aredefinitely superior to D. Adopting a slightly lower level of significance, 0 
is seen to he better than D. At a still lower level of significance,, we find that 
B is better than E, but much reliance should not be placed on this result. . The 
difference between D and A or between B and C or between C and E are statistically 
insignificant. 

9. Eor large samples we can find a numerical value of the probability with the 
help of a table of the ‘ Probability Integral I have already mentioned that with 
samples of 20, the probability integral will not give absolutely conect it suits. The 
present figures may, however, be used for purposes of illustration. 

Let us consider the comparison between B and C. Here t=0'797, this is the 
same quantity as “ x ” in Table II of the Tables for Statisticians and Biometricians 
(edited by Karl Pearson, Cambridge University Press). From this Table II (p. 2), 
we find 


j :J; ■ ' ' . ■ ' ' 

For x— 0-79, $ (l-}-a)=0 - 7S5236I. The tabulated difference ‘ A ’ in | (l+«) for a change of-p01 
• x ’ is +-002908S. For a change of (0-797— 0*79;= '007 in ‘ x % the difference in 1 U+«) must 


*007 

“X (+’0020085) 

= + -0020359. We thus have 


:4 ; * f- ' + >7*' ' 

For x^0*79 

i (l+«)= 
Adding 

0*7852361 

*0020359 / 


For x— 0*797, 
Thus, 
And 
Also 

i (!+«)= 
i (1 — <*)= 

2xi ( 1 — «)= 

1 — (1 — a)= 

0*7872720 

0*2127280 

0*4254560 

0*5745440 


Hence if we assume that the observed deviation is as likely to be in excess as 
In defect, then the probability that we should 3 each or exceed the obseived devia- 
tion is given by 6*425456. The probability that we shall not reach or exceed the 
observed deviation is, therefore, given by 1 — 0*425456=0*574544. The odds against 
the observed result are, therefore, roughly 58 to 42. We cannot assert that the 
observed difference is significant. 

It will be remembered that from Fisher's t- table we had concluded by inspec- 
tion that the probability of occurrence of a value of t as great as 6*797 (for n=38) 
lies between 6*4 and 0*5. From the probability integral we find that the calculated 
probability is 6*43. The two results are therefore consistent. (In fact the probability 
integral will yield fairly reliable results for samples of 20, although such samples 
cannot be strictly called large samples). 

10. It is sometimes necessary to form a rough idea of the size of samples 
required to yield a significant difference in mean values.* For any given observed 

# For example, Mr. JosM lias enquired what is the minimum number of plants for which data 
should be collected in order to get a significant difference in mean values. 
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difference in mean values the size of the sample will naturally depend on the 

variability as measured by the standard deviation* ^ 

Let m t and m 2 be the two mean values, s 1? s 2 the two estimated standard 

deviations based on N plants each from the two strains® 

Writings =- the average standard deviation, it is easy to 

gee that _ 

j m _ m i — m * / N • ( 5 ) 

‘ = * = « V 2 


Let ns writ© 


/ - («»,— « s )/s 

*=/ v'4 


, , / 2 . \ 8 ) 

That is, / 583 * "Jf * 

Also the value of ‘ a ’ for entering Fisher’s Table IV will be given by n = 2 (N- l) . • (9) 

With the help of the above two equations (7) and (8) it is now easy to calculate the 
value of c f’ from the corresponding value of ‘t’ given in Fishers Table I 

(p. 139). 

Table IX. 

Values of “f”. {Theory of small samples.) 


“That is, the variance is obtained by dividing the sum of squares of deviations by ;N 1) the 



0*071 

0*645 

0*621 

0*600 

0*581 

0*564 

0*548 

0*5382 

0*5197 

0*5072 

0*4955 

0*4844 

0*4745 

0*4317 

0*3987 

0*3723 

0*3321 

0*2703 

0*2337 


0*02 

0*01 

0*978 

1*097 

0*937 

1*050 

0*901 

1*009 

0*869 

0*972 

0*8399 

0*9395 

0*8139 

0*9098 

0*7901 

0*8828 

0*7683 

0*8580 

0*7482 

0*8352 

0*7296 

0*8141 

0*7123 

0*7946 

0*6958 

0*7760 

0*6811 

0*7593 

0*6181 

0*6883 

0*5699 

0*6341 

0*5314 

0*5909 

0*4733 

0*5258 

0*3842 

0*4264 

0*3318 

0*3680 


Such a table of f- values is given in Table IX for 4 different levels of significance ; 
P=0*10, 0*05, 0*02 and 0*01. In this table e N* represents the size of each of the 
two samples on which the two mean values to be compared are based, and 4 f 3 gives 

the largest value of which is significant within the assigned degree of 

probability (10 per cent., 5 per cent, 2 per cent or 1 per cent). 

W=s size of samples. . fp== probability of occurrence of *' f \ 


0*05 


0*810 

0*777 

0*748 

0*722 

0*6986 

0*6774 

0*6581 

0*6403 

0*6239 

0*6086 

0*5944 

0*5809 

0*5689 

0*6170 

0*4772 

0*4453 

0*3970 

0*3228 

0*2789 
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From N=2 to N=16, the ‘ f J =values are calculated directly from the t — 
values given in Fisher’s Table IV. From N=17 to 11=100, they are obtained from 
interpolated values of 4 1 s in. the same table. 

11. If “ s ” is known even approximately, it is possible with the help of the 
above Table IX to find roughly the value of N, the size of the samples required to 
make any observed difference in mean values statistically significant. 

For example, for Mr. Joshi’s data, we can find an average value of (a) by- 
adding the different values of sums of squares given in Table III, for the 5 differen 
strains and dividing by 100. The average variance comes out to be 40‘74 leading 
to an average value of $=6*4 approximately. 

We can now use this value of s=6'4, in conjunction with Table IX, to give a 

rough idea of the size of the samples required for specific purposes. 

Sampled). Let us compare B and A. The observed difference i. 1M1 * 
favour of B. Dividing 12-21 by 6-4. we get i-M appronmmte'y Adoptm 
P=-01, (that is odds of 100 to 1), we notice from Table IX that for N -®: 

1-829 We conclude that for this particular comparison, the observed difference 
wonld haveLm signfflcant even if the mean vaiues were based on small sampies 

of size 6 or 7. K T 

Ex (*i). For 0 and D the observed difference is 6'69. Thatis f-105. In 
Table IX, with P=01, and N=14, ‘f 'is 1*05. In this case samples of size 14 

would be sufficient. KQ 

Ex Ini). For D and A. the observed difference is 3 ' 78 , giving a value f-O'Sa. 

For pioi, N=40, f is 0-59 in Table IX. With odds of 100 to 1 we shall therefore 
reauire samples of size 40. Working with a 5 per cent, probabi i y, we no . 
t^t N=23 gives a value of f=‘5944. Hence with odds of 20 to 1, samples of size 

23 would be just sufficient. 

Ex (w). For B and 0 the observed difference is 1*74, with f='272. i 
np-r cent probability we find that f= ‘2789 for N=100. We thus conclude that 
samples "of size greater than 100 must be collected in order to make this particu ars 

observed difference statistically significant. 

I need scarcely note that unless we have some idea (even if rough an tenta lve 
regarding the magnitude of the standard deviation, it is not possible to say anything 

about the required size of the sample. , 

Although in the above discussion the size of the sample has been assumed to be 
eauaf for both varieties, it is not necessary that this should be so m actual practice 
Fisher’s formula is quite general, and would apply for the comparison of mean va 
fo'rtwc. 3 samples whl the sire of the sample is afferent in tie two cusos. I. sioufd 
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be remembered that in using Fisher’s Table IY, n should be taken equal to 
(Nx+Nj — 1), and we must write the t=formula as : — 


and f-t 


V Wn 

Table X. 

Values of {Theory of large samples .) 


12. In this connexion it will not be out of place to say a few words regarding 
the magnitude of the inaccuracy involved in the use of the theory of large samples. 
In Table X will be found the values of 6 f 9 calculated on the basis of the theory of 
large samples. For N=2 ? an observed value of f =2 *58 would be considered signi- 
ficant (with P=-01) on the classical theory, whereas using the theory of small 


* jNf=siz© of samples, 


f P— probability of occurrence of * f 
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samples we notice that ‘ f 1 must reach the value of 9'93 for samples of 2 before the 
observed difference can be asserted to be significant with the same degree of 

F<>b It wMbe noticed that the difference between ‘f ; values in the two Tables IX 
and X at first decreases rapidly with the increase of N, and then - decreases more 
gradually. For N=10, the difference in the value of ‘f’ is about 11 pei ■ cer i. 

For N— 25, the difference is just over 4 per cent., while for N 100, the 
difference is just about 1 per cent. The theory of large samples may, therefore, ^ be 
used with safety for N greater than 100. It may be used without introducing 

appreciable errors practically for samples of size greater than 25. 

The numerical calculations were completed by my assistants essrs, ra. ^ 
Ranjan Ray and Rabindra Nath Sen. My acknowledgments are ako due to the 
Imperial Council of Agricultural Research for a research grant for work m agncul- 
tural statistics. 




CALCULATION OF PROBABLE ERROR OF MENDELIAN 

RATIOS 
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Cotton Research Laboratory , Dharwar 
(Received for publication on the 6th May 1931) 

In most of the crop improvement programmes it is very often necessary to 
assemble in one or two varieties some of the more important agronomic and 
commercial characters. This is accomplished by having recourse to the process 
of hybridisation. In carrying out such investigations, it is essential to know the 
mode of inheritance of the useful characters ; in what manner they segregate in 
later progenies ; how combinations and recombinations take place ; the interaction 
of factors, linkage, and crossing over, etc., so that in assembling the desired factors, 
crosses can he intelligently made so as to derive the maximum benefit. 

In field experimentation it is very rarely possible due to errors of random 
sampling, soil heterogeneity, production of functional gametes in unequal numbers, 
selective mating, etc., to obtain perfect fits to the various Mendelian frequencies 
and interpretation of results in consequence is extremely difficult. Much of the 
difficulty is got over by applying statistical methods to analyse the genetic data 
so that the probable mode of inheritance of factors can be properly studied. 

The text books on Genetics by Babcock and Clausen, Castle, Crew, Sinnott 
and Dunn, and Walter have dealt with certain aspects of statistical methods, but 
the methods of calculating the probable errors of Mendelian results are not to be 
found in their books and they still lie scattered in journal articles and experiment 
station bulletins, many of them not easily accessible. This paper has been written 
with a view to bring these methods to the notice of Indian plant-breeders. It is as 
well to mention that in the Genetical Laboratories of the more important colleges 
and universities in the U. S. A., much of the material here given is in the form of 
eyclostyled sheets as laboratory helps to the students of Genetics. 

When two plants that possess contrasting pairs of factors are hybridised, the 
factors begin to segregate in the F 2 generation. The investigator then divides the 
progeny into the phenotypic classes and the observed numbers in each class are 
compared with the expected frequency which may be 3 : 1, 9:7, 9:3:3: 1. or 27 : 37 
As already stated the observed numbers rarely fit the expected ones and a goodness- 
of-fit is obtained for seeing how far the deviations are or are not significant. This is 

42 


43 


CALCULATION OF PROBABLE ERROR OF MENDELLAM RATIOS 

done by dividing the deviations with their respective probable errors and then 
finding whether the odds are or are not in favour of the hypothesis. 

The procedure followed will become clear from a concrete case. . In an experi- 
ment to see the mode of inheritance of Fusarium wilt resistance in canning peas, 
Wade [1930] observed that in the F 2 progeny there were 335 plants which segre- 
gated as 264 healthy and 71 diseased. If segregation was on the basis of a 
3 : 1 ratio, then | of the total or 251'25 plants would have been healthy and \ of 
the total or 83'75 plants would have been diseased. If it was a case of 9 : 7 ratio, 
then -j^ths of the total or 188 plants would have been healthy and -&ths of the 
total or 147 would have been diseased. Wade concluded that the segregation 
agreed with a 3 : 1 ratio with resistance as the dominant factor. ^ ^ ^ 

The observed figures deviate from the calculated ones by (83'75— 71)=12 75. 
It is now necessary to see if that is a significant deviation or an insignificant one 
due to errors of random sampling and otter causes. 

The probable error of Mendelian ratios can be determined in three ways: the 
method of absolute numbers, the method of percentages, and the method of ratios. 
Tte method commonly used by geneticists is the method of absolute numbers and 
that method is described below. 

The method of absolute numbers 

i> The standard deviation of a binomial distribution is \/p .q.n where p and q 

are the elements of a ratio, expressed in decimals, and n the number of individuals 
in the experiment. The probable error is obtained by multiplying the standard 
deviation with the constant, '6745. 

Probable error ='6745v/ p .q.n and p+q is unity. 

In the ease of a 3 : 1 ratio, p is | or ‘75 and q is equal to l-"75 or ‘25. 


P. E. 3 . 1 =-6745v / -7'5x -25x -»=-292 -/n 

In the case of a 27 : 37 ratio, for instance, p=27/64=-422 and <p=(l— -422) 
=•578. 

P. E 2? . -6745 ■/ '422 X '578 X n= '333^ n 

Deviation is determined by noting the difference between observed and 
calculated frequencies. The'goodness-of-fit of Wade’s data may now be found : 


Observed 

Calculated on 3 : 1 basis. .... 

Deviation =12*75 and w== 335 


Healthy 

264 

251*25 


Diseased 

71 

83*75 


P. E. o -* = *292 V 335 =5*35 
6 : 1 


Deviation 0 . 
F# £S« - 
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The quotient obtained on dividing the deviation by the probable error is 2*4. 
Pearl and Miner [1914] have published a table showing the probability of occurrence 
of statistical deviations of different magnitudes relative to the probable error. The 
table will also be found in the test by Hayes and Garber and the Laboratory 
Manual of Genetics by Babcock and Collins. From the table the odds against the 
occurrence of a deviation as great or greater than the designated one are obtained, 
which show whether the data fit the hypothesis. In the example the value 2‘4 has 
been obtained and the odds are 8-48 to 1. Geneticists have accepted that when 

the value of the ratio, - d f?f 1<?n — > is three or less than three, then the odds are 
probable error 

in favour of the experimental data fitting the assumed hypothesis, provided that 
the value of n is not very small. When the value is over three then the investigator 
has to be sceptical of his data and repeat the experiment or see if they fit some other 
ratio. In general it may be stated that smaller the deviation and larger the prob- 
able error better the data fit into the hypothesis. 

Probable error formulas for various Mendelian ratios have been calculated and 
are given below : 

p E. 3 . j =-874W-75x-25xn =-292 7n 

p.B. j.j =-6745V-50x-60xw ='337^ 



•6746-/-5625X -4375 x »=-335Vn 


■9375 x -0625 x »=-163,/» 


•6746 V-1876X -8125x n=-2W-/n 


■6745 ■/•625 x -375 x n = -326 a/h 


P. E. 97 . 37 - '6745 v A 422 x’678x« = *333 Vn 

For any two distributions other than the above, such as 63:1 
noted how simple it is to calculate the probable error. 

For Mendelian frequencies of more than two distributions sue 
the above method of finding the goodness-of-test can also b 
former case, the first two frequencies are added together and the j 
the basis of the ratio 3:1 is obtained. By dividing the deviatioi 
error the significance or insignificance of the deviates is obtained. 

When segregation is dihybrid, of 9:3:3:1, the method adopt 
extreme classes, (9+ 1), and the mean classes, (3 + 3). The gooc 
found by seeing the deviation from an expected ratio of 10:6 and 
deviation with the probable error. The following example ta 
[1929] will make the calculation clear. 
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Segregation was as follows in a particular cross handled by him 

Naked seeded red plants =63 

Fuzzy seeded red plants ...... « 20 

Naked seeded green plants . . « . . - 24 

Fuzzy seeded green plants . * - • — 12 

Calculated on 10:0. 

Sum of extreme classes = 68+12 . , * « • = 80 77*5 

Sum of mean classes = 20 + 24 . . • . • • = 44 46*5 

Deviation = 2*5 P. E. x o:e ~ 3*6. Dev./P, E. • • • — 0*6 

The methods suggested above are simple and when £ n 5 is sufficiently large it is 
possible to evolve a fairly correct hypothesis on the manner of inheritance of the 
characters and establish the number of genetic factors involved. But sometimes it 
so happens that the number of individuals in each progeny row or family is very 
small The segregation in each one of these families may deviate from the expected 
frequency considerably but when the numbers in each phenotypic class are summat- 
ed, the deviations from expectation in the individuals may not become evident 
Total class frequencies so obtained by adding are therefore composite values and 
as such may mask a serious lack of consistency in the numerical ratios of the sepa- 
rate families. 

Kirk and Immer [1928], who have drawn attention to this, have given a good 
illustration to prove how summating the phenotypic classes and then comparing 
the totals so obtained with the expected numbers lead to erroneous conclusions. In 
the ease they have given the total of the dominants and the recessives respectively 
agreed with a 3:1 Mendelian segregation. But the number of individuals in each 
family was too small and some of the segregations in the families were significantly 


different from expectations. 

In such cases, it is a good practice to apply the goodness-of-fit test outlined 
above to each family segregation. If significant deviations are discovered, then 
more data for further substantiation of the hypothesis must be sought for. Kirk 
and Immer have suggested the application of the Chi squared (X 2 ) test in such cases. 

It was stated above that for Mendelian frequencies like 1:2:1 or 9:3:3:1 the 
goodness-of-fit test described in this paper could be applied. However^ for these 
ratios the method is supposed to be crude and the application of the X test to be 
more correct. The X 2 distribution was first suggested by Pearson and a table 
giving the values of P was prepared by Elder ton in 1900. The application of this 
test of agreement to Mendelian polyhybrid ratios of single segregating progenies 
was suggested by Harris [1912]. The method is outlined both by Harris, and 
Fisher [1930] who has also given a table for the values of P in a more convenient 
form. 

The paper may be concluded with a quotation from Kirk and Immer , While 
refined statistical analysis is an aid in dele) mining. the validity of a genetic hypo- 
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thesis it must be admitted that an adequate genetic proof of a hypothesis seldom 
can be found on the basis of F, data alone. The back cross method or the growing 
of the progeny of selected F a plants in F, is necessary to prove the number and 

nature of genetic factors involved. 
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(With Plates IX-XI.) 

I. Introduction. 

The germination of sugarcane pollen in artificial media lias, of late, been 
extensively employed at tlxe Imperial Sugarcane Breeding Station, Coimbatore, for 
ascertaining the male fertility of the varieties used in crossing. Fairly high per- 
centages of germination have been obtained by this method in certain of the thick 
and thin types of canes [Dutt and Ayyar, 1928], as also in Saccharum spmtaneum 
and S. Narenga. In some cultures the pollen tubes were long enough to reach the 
ovary if they were growing on the style of the plant [Dutt, 1929]. The artificial 
culture method has thus been quite successful in the percentages of germination 
and in the length attained by the pollen tubes ; attempts were therefore made to 
see if the migration of the male nuclei takes place in vitro. For staining, Belling s 
[1921] aceto-carmine was used as this stain has been successfully employed jy 
Brink [1924]. 


II. Presence op two male nuclei in the pollen grain before shedding. 

The freshly shed pollen grains of the sugarcane varieties— Kaludai Boothan, 
Co. 213, Co. 285, D. 74, D. 131, D. 1135, E.K. 28, S.W. Ill, P.O.J. 2696, P.OJ. 
2878, Ges. Preanger, Maur. 131, N.G. 24 and Saccharum spontaneum (local and 

e 2 
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rSasL-f-*: 

all the varieties thus examined, two male nuclei were clearly stained, in 

indicate that the generative nucleus divides into two male nuclei a . eas 

M^e Ihedlg. In Plate IX, fig. * is shown a fairly early stage where the nucleus 

has not yet divided into tube and generative nuclei. 

The shape of the male nuclei in the pollen grain varied from roughly sphuic 
to spindle or crescent-shaped as shown in Plate IX, figs, a to/. 

XU. Migration of the nuclei into the pollen tube. 

Diflerent stages in the migration eftle nuclei into tie ' ^ 

observed In Plate X, fig. a, the pollen tube has been formed, but the ■ 
notT yet migrated. A similar stage is shown in Plain X, 4g. 6 but on a s .gmrf.c 
papilla. The migration has taken place in figs, c and A but in the latter the tnl i. 

nucleus has not been stained. . 

In several cultures, pollen grains were met with which had not germinated, bu - 
in SrS. nuclei were apparently normal. Brink [1921] records a smnlar 

experience in Scilla. . 

The male nuclei in the pollen tubes were mostly elongated in shape. In ceitai 
cases they were more or less spherical and in others somewhat spirally curved. 

Four male nuclei were noticed in certain pollen tubes and in a few pollen grams 
of the variety B. 3412, C. A. C. 87 and P. 0. J.1410. The different positions occu- 
pied by these nuclei are shown in Plate XI, figs, b to c. All the four nuclei stained 
deeply and were therefore most probably male nuclei. The tube nucleus was no 
clearly stained in either of these. The pollen grain m Plate XI, g- «> h*w.au, 
shows the tube nucleus and four male nuclei. The shape of the nuclei m t e 
pollen tube varied, as seen in Plate XI, figs, b to e from more or less spherical to 

somewhat vermiform. 


IV. Discussion of results. 

The division of the generative nucleus into two male nuclei inside tin. polk 
grain prior to shedding, which was observed in all the fourteen sugarcane varieties 
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studied and in i Sacoharum spontaneum, would appear to be characteristic of quite 
a number of grasses, as this condition was met with by Golinski [1893] in Triticuni 
and other grasses, and by Cannon [1900] in Avena fatua. Weatherwax [1923] 
noticed in maize that the mature pollen grain at the time of leaving the anther 
contains fully developed sperms, which are two small crescent-shaped cells with 
long attenuate ends. Percival [1921] mentions that the pollen grains of wheat 
germinate while still in the un-opened anther and possess two slender male gametes 
each of which is curved and pointed at one end. Artschwager, Brandes and Starrett 
[1929] have figured two male nuclei in the mature pollen grain of the sugarcane 

variety U.S. 1094. 

In the sugarcane varieties studied by us, the form of the male nuclei in the 
pollen grain was not constant. It ranged from spherical to crescent or spindle- 
shaped. As the male nuclei migrated into the pollen tubes, they sometimes 
retained the spherical shape, but mostly became elongated. In a few instances they 
were observed to be spirally curved, but this shape was noticed only inside the 
pollen tubes and on no occasion inside the pollen grain. 

The occurrence of four male nuclei is rather unusual though not unprecedented, 
as Coulter and Chamberlain [1909] mention this condition as having been observed 
by Strasburger [1881] as sometimes occurring in Camassut Fmseri, and Chauveaud 
[1892] found four or five, bodies in the pollen tubes of Vincetoxicum nigrum and 
F. medium, which he thought might be interpreted as male nuclei and responsible 
for polyembryony. The four male nuclei have so far been observed by us only in 
three sugarcane varieties and the phenomenon will need to be studied more 
thoroughly before it can be said what its real significance is, but most probab- 
ly as pointed out by Coulter and Chamberlain, it may have no further significance 
than that any active cell may be induced to divide by favourable conditions. 
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EXPLANATION OF PLATES. 

, , -. 1 , „ Lucida. and at the level of the stage. . 

All the drawings have been made wit 1 ‘ f \ h(s mal e nuclei in the pollen grains. Fig- 1/ 13 an 

Plate IX. Figures a to / show the si a| . . ^ded j n to tho tube and gene- 

early stage of the male gametophytc 'vkwe he mretous • ^ fi 380 diameters, 

rative nuclei. The magnification of tig. 6 is 7/0 to 

a. P.O.J. 2878 pollen grain, 24 hours before sheddin n . 

b. P.O.J. 2096 pollen gi-ain, 24 hours before shed mg. 

t. n. tube nucleus, 
g. n. generative nuclei. 

e. Co. 285 pollen grain just before shedding. 

d & e. B. 8412 pollen grains growing in vitro. 

f. Co. 285 pollen grain just before shedding. 

g. Co. 243 pollen grains from an undehiscod anOier , en tub( , s . 

Plate X. Various stages in the migration of the male nut 

a. X 380. Sacclarum spontaneum pollen m vitro. ^ pilla- 

b. X 380. Saccharutn spontaneum pollen gemma mg 1,1 n 

c. x 240. B. 3412 pollen in vitro. 

d x 380. Co. 285 pollen in vitro. _ , , n f the variety B. 3412. 

Plate XI. Four male nuclei in the pollen grain aud polio 

a. X 770. t n. tube nucleus. 

g, n. generative nuclei. 

b. X 770. Four male nuclei in two pairs. 

e. x 240. Two of the nuclei are somewhat spirally curved. firgt and the 

d. & e. X 240. Male nuclei in pairs. Note the relative distance bctucu 
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thick section of cotton-stem 
and mounted in wate 


ie section mounted in lactic acid (the 
elements kept constant for both). 


A NOTE ON THE 'USE OF LACTIC ACID IN PLANT 

HISTOLOGY* 

BY 

T. R. SESIIADRI, M.A., Ph.D., 

Soil Physicist, Coimbatore, 

AND 

G. SESIIADRI AIYANGAE, M.A., ' 

Assistant to the Colton Specialist, Coimbatore. 

(Received for publication on the 4th September 1931.) 

(With Plato XII.) 

In connection witli the study of tbe nut urc of some p 1 ,a n ("tissues under the 
microscope, various organic acids were used on thick sections, cut with a scalpel. 
Wien such sections which were too thick to he seen through, were mounted in 
concentrated lactic acid, there was a remarkably quick clearing action, and the parts 
became as clearly visible as in very thin sections cut carefully with a razor. On 
similar sections of the cotton stem, the reagent brought out the structure of the 
vascular bundles and the cambium clearly ; the accompanying micro-photographs 
are only approximate illustrations of the striking effect produced by lactic acid. 
Later, this was found to be very valuable in studying sections of hard seed coats of 
which thin sections could not be easily secured. The method was tested with a 
variety of materials, such as, (1) mucilaginous tissues Cotton stem, pedicel, seed 
coat and cotyledon, (2) resinous tissues Margosa (Neem) stem and petiole and (3) 
nitrogenous tissues --Bengal gram stem and seed. In all cases the clearing effect 
was produced very well. Other organic acids such as acetic, citiic, malic, and 
tartaric acids or their combinations with glycerine were not found to be of such 


use. 


A partial explanation of the value of lactic acid will probably be that it acts 
as clearing agent by its strongly refractive property and that it is also a mild macerat- 
in* agent performing the same function as oxalic, tartaric and acetic acids. Its 
advantages are (1) the reaction is quick and it produces its effect in the cold and 
docs not require heating ; (2) unlike the alkalis and chloral hydrate, which clear 
by destroying or swelling, this acts by equalizing the refractive differences; (3) its 

miscibility with water renders mounting simple; (4) its use for staining purposes 

with cotton-blue is well known ; (5) it excludes air from inter-cellular spaces pretty 


r Tllc Xlse of i ac tie acid as a reagent for clearing microscopical preparations of plant tissues is not 

nltocether unknown for angiosperms, as it has been mentioned m a specially good reagent for sections 
from herbarium material, etc. Its use, however, is not common m Indian laboratories and the method 
deserves to be brought to tho notice of the Indian workers.-EwroE. 
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i a ™*»cif>T*vAd in it for a considerable time. 
completely ; and (6) sections can 1 properties of lactic acid with 

following table give » compnrBon of some of lie pt p 

those of glycerine. — " 


Glycerine 


Lactic acid 



Thick syrup 


1 Density . * * * . ^ r 44 

2 Refractive index ... ' Thick syrup 

Thick syrup 

3 Viscosity . • * * F u!! 

Full 

4 Miscibility with, water . . 

Besides laving all the physical properties of 
ti „n, the advantages arising from its acid characters. and 

best preservative attainable of normal conditions, c ’ .. * i j. 

STiL, which renders possible rapid and increased 
^iaetieaoidhas^^ 

“ ““ "" to 

been adequately recongnised. 





FISHER’S ANALYSIS OF VARIANCE WITH PADDY ON A 

FIELD-SCALE 

BY 

J:L F. ROBERTSON, B.Sa (Edin.), I.A.S., 

! Professor of Agriculture, Agricultural College , Mandalay. 

^ (Received for publication on the 28th September 1031.) 

(With five text-figures.) 

f I. Introductory. 

Fox some years prior to 1929 — in fact* since proper statistical treatment liacl 
been given — experiments on the College Farm at Mandalay had been based on some 
form of Students Method. Each plot of each treatment had been compared with 
an adjacent control or with the average of two adjacent controls. This method , 
while no doubt giving very valid results, Lord [1924] stated t£ that with six repli- 
cations the probable error of the difference of two plots can be reduced to 2 per 
cent, by Student’s Method and below that figure by that method modified , when 
combined with the desired number of replications such as five or six was very 
exhaustive in land, labour, supervision and money for a very limited questionnaire. 
Thus a straight comparison of treatments A B D E against Control C with six repli- 
cations (Fig. 1) would require fifty-four plots all requiring separate lay-out, treat- 
ment, planting, attention, harvesting, threshing, weighing, etc. 



\ It was therefore with great interest that the writer read E. J. Haskell's [1929] 

articles in Tropical Agriculture in 1929 on Experimental Error, explaining Fisher's 


A 




Method combining the Randomised Block or Latin Square design with the Analysis 
of Variance Statistical Interpretation. This seemed to offer many advantages from 
the point of view of economy and an enlarged questionnaire. Even if the results 
could not be quite so precise as with Student's modified method (treatment com- 
pared with average of two adjacent controls), the extra precision might not be 
worth the extra trouble and expense. Accordingly it was decided to try out the 
new method on a new experiment being put down that year. But here before 
describing the experiment it is advisable to give some explanation of the agricultural 
conditions. 

The paddy land of the Farm is irrigated and is laid out in half acre plots 
(172' X 123') lying along strips between irrigation channels and drains laid out at 
right angles to the Main Farm Irrigation Channel (Fig. 2). 


Irrigation channel 


J)rai n 


11 - — — 

Fig. 2. — The position of the experimental fields with regard to irrigation channels and drains. 

It was further known that fertility tended to decrease from irrigation channel 
;o drain within fields. Thus it was very sound experimentally and very suitable 
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practically to divide the half-acre fields up into long plots elongated in the direction 
of the fertility gradient within fields and also to combine these plots into blocks 
running across it [Christidis, 1931]. Unfortunately there was also a general fertility 
gradient from north to south, i.c., away from Main Irrigation Channel to higher 
land, which had to be left entirely to the block and random arrangement to allow 
for. There were no other obvious sources of error and the history sheet of the 
fields was clean for three years back. The paddy is treated as swamp paddy 
throughout, i.e. } under anaerobic conditions with puddled soil and standing water. 

II. The experiment. 


(a) Object . — The Law of Diminishing Returns seemed to act very early and 
severely in the case of the new compound ammonium-phospbatic fertilisers just 
introduced and found successful on paddy. It was therefore decided to test if the 
limiting factor was organic matter and apply graded doses of F. Y. M. in conjunc- 
tion with diammonphos 20-50 grade, i.e., a higher proportion of P 2 O 5 . However 
the object of the experiment has very little bearing on the subject. 

(i h) Treatments . — There were five. viz. : — 

( 1 ) Control (or no manure). 

(2) Diammonphos at the rate of 20 lbs. N 2 por acre. 

( 3 ) Diammonphos at the rate of 20 lbs. N 2 +l ton F. Y. M. per acre. 

(4) Diammonphos at the rate of 20 lbs. N 2 +2 tons F. Y. M. per acre. 

(5) Diammonphos at the rate of 20 lbs. N 2 +3 tons F. Y. M. per acre. 

(c) Design . — Three half-acre fields size 172 / X 123' were available and it was 
decided to lay the experiment out according to the Randomised Block method ^as 
being the best way to utilise the area and shape of the land available. By having 
six blocks (two in each field) of five plots each, six replications would be obtained* 
The fields were therefore divided up into ten plots size 172' X 8 with a double- 
bunded drain (Fig. 3) between each pair of plots and a planted space of approxi- 
mately 4' against each dividing field bund. The former is used in all mammal 
experiments here, to reduce to a minimum the chance of passage of fertilising 
ingredients from one plot to the other in the water through crab holes, etc., and the 
latter to avoid bund effect. The final lay-out of one representative field is shown 
in fig. 4. 



Fig. 3.—-' Vortical section of plots showing double bunds and drains between them* 


I 
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Fro 4.—The final lay-out of one representative field. 

Narrower plots than this would cause difficulty in turning bullocks with the 

harrow and in fact a width of 9' would be better. The ratio of each P lot after 
reducing length to 165' is over 20:1 and the area is ^ of an acre. 

Finally the treatments were allotted to each block in turn at random [Fisher 
1930, 1]. One or two blocks had to be repeated to avoid a systematic arrangement 
and obtain a good distribution before the actual arrangement (Fig. 5) was procured. 
It should be noted that the total number of plots is only thirty. 
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Fig. 5. — Arrangement and yield of plots in J lbs. 

(d) Application of manures .— This requires great care to avoid mistakes and to 
effect even distribution within plots. They were applied one day prior to trans- 
planting after the water had been reduced to a minimum and worked into the soil 
by one harrowing and one levelling. 

(e) Transplanting . — To randomise the variation in planting,, each block was 
planted separately by the same gang of women, arranged in the same order through- 
out, i.e, f a gang of ten women, two to each plot* 
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(/) Growth . — The experiment during growth presented an ideal appearance. The 
growth of every plot was uniform and within blocks the differences in growth 
between plots were of the same order in all. 

(g) Harvesting . — Only an exact length of 165' was harvested from each plot and 
was done block by block as in transplanting. Drying was given equally. 

(h) Yields . — Yields of plots in J lbs. are shown in fig. 5. 

III.-— Statistical interpretation of results. 

Following Fisher’s method [1930, 1] and taking the working mean to be zero 
the following final stages were obtained. 

(a) Analysis of Variance . — 

Table I. 


Analysis of variance. 


Due to 

Degrees 

of 

freedom 

Sum of squares 

Variance 

a loge Variance 

Blocks 


5 

4375*77 

875*15 

.. 

Treatments . 

• 

4 

39909*54 

9977-30 

2-3018 

Error . 

* 

20 

7100*00 

355-00 

0-63158 

Total 

; 

29 

51385*37 

.. 

Difi.= 1-07022 


Two points are brought out by Table 1 ■ 

(1) The bulk of the total Variance is due to treatments and the experiment 

is likely to give significant results. 

(2) The amount of Variance eliminated as due to Blocks is considerable and 

much greater than the residual amount left due to Random Error. 
Apparently the design has been satisfactory. 

(b) “ 2 ” test.— Using the table provided for “ z ” [Fisher 1930, 2] the significance 
of the whole experiment is first tested, i.e., the significance of the \ arianee due to 
Treatments over Error. In this case n x =4 and n 2 =20 and the theoretical value of 
« z ” for 100 : 1 odds— *7443, while the observed value=2*301&— 0*63158=1*6702. 

It is therefore overwhelmingly significant. 

(c) Significance of Treatments— Having ascertained the significance of the experi- 
ment by the “ z ” test, comparison is made between the treatment means and the 
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significance tested by the S. E. of a single inun=/355-Gx6=RH5. 
of three times this S. E. is token as biing significant. 


A difference 


Table II. 


Treatment totals. 



Control 

(1) 

D 

(2) 

D+F s 

(3) 

d+f 2 

(4) 

D+F s 

(5) 

Mean 

S. E. 

In | lbs. 

1289 

1703 

1757 

1810 

1932 

1699*4 

40-15 

Expressed as 

73-88 

100-23 

103*4 

106*88 

113*70 

100 

2-72 

percentage 








of mean 







— —— 


Conclusion. 


A Standard Error of a single mean of 2’72 per cent, was obtain- 
ed and as, in minimal work sack as is b nag carded out here, any difference due 
to treatment not exceeding three times this would not be worth while considering 
o-oaomicdlv it was decided to adopt this method, and in 1931 all new experiments 
have been laid down accordingly. It will be interesting to see how they work out.* 
At present they all look in splendid condition. 

Summary. 

On a field experimental scale with paddy using Fisher s Randomised 
Block design cum Analysis of Variance Statistical Interpretation with five 
treatments, six replications and a total of thirty plots, a Standard Error of a single 
treatment moan of 2‘72 per cent, was obtained. It is considered that for econo- 
mic manurial tests this is sufficiently precise, thus permitting a groat saving in land, 
labour and money when compared with the method previously in use, viz.. Student’s 
Method modified. 
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(Received lor publication on the 31st August 1931.) 

In Selaria italica the common colour of the anther on emergence is orange, 
with a tinge of varying degrees of brown. Tiio dehiscence of the anthers, the 
emptying of the pollen, the consequent shrivelling, drying and discoloration of the 
,! anther-sacs, follow in quick succession . 

The dry anthers, if gathered before they are blown oS, and put into a tube 
' present a mass of powder, blackish -brown in appearance. 

Occasionally individual plants and races are met with, in which the anthers 
present on emergence a characteristic pale and whitish look. These whitish anthers 
are represented not only in Indian varieties but figure in Chinese importations also. 
These anthers when dry and gathered into a tube present a powdery mass, buff- 
yellow in colour. 

These two anther colours, orange and white, are met with in both purple pig- 
mented and green-throughout plants. They occur independently without any 
selective association with either colour of grain (husk) or bristle length. Not being 
a naked grain, their association with the colour of the seed coat (not husk) could 
not be gauged.t 

These two anther colours behave as a simple Mendelian pair of characters and 
their inheritance has been pursued at the Millet Breeding Station, Coimbatore. In 
the year 1927 a segregation for this character was first met with. In 1928 family 

* Parti. Published in this Journal Vol. I, Part V, pp. 5S7-609. 

t Vide “ Segregation for Anther Colour in Andropogon Sorghum ” by O. N. Rangaswaini Ayyangar, 
Millet Specialist, Agricultural Research Institute, Coimbatore, in the Proceedings of the Twelfth 
Indian Scienco Congress, Calcutta 1925, published by the Asiatic Society of Bengal, 1, Park 
Street, Calcutta, 
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No. S. I. 47 was found to segregate similarly and the history of this family in sub- 
sequent generations is given below : 

Clan S. I. 47. 


Generation 


Natural 

Cross 

(1927) 

F* 


Character of 
selection 
Orange , 


(From S. I* 1032} 


White 

Orange 


Family No. 

8. I. 47 

8. I. 1030 
8. I. 1031 
8. I. 1032 
8. I. 1033 
S. I. 1034 
S. I. 1713 
S. 1. 1714 
S. 1. 1715 
S. I. 1710 
8. I. 1717 


Anther colour 
Orange ! White 


The following other families were also noted to segregate for the same cha- 
racter. 


Family No. 


Segregation for 
anther colours 
Orange I White 


8. 1. 655 
S. I. 594 
S. I. 814 
S. I. 967 
S. I. 968 
8. 1. 969 
S. I. 975 
8. 1. 1071 


53 

14 

67 

26 

75 

26 

37 

15 

145 

68 

111 

29 

87 

22 

49 

' 14 


Total 


044 


214 
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Artificial confirmation of this segregation was made by crossing a white-an- 
fchered mother S. I. 1261 with an orange-anthered father S. I. 1264 in crosses 
S. I. LVII to LXI which gave, as expected orange-anthered first generation plants. 

Summary. 

In setaria italica two fresh anther colours are met with, viz., brownish-orange 
and white. These, when dry and seen en masse appear brownish-black and buff- 
yellow respectively. These colours form a simple Mendelian pair, with orange 
dominant. 
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I. Introduction. 


Using 39 soils of various types, Keen and Contts [1928] have shown that im- 
portant correlations exist between single value properties of soils such as percentage 
of clay, air-dry moisture, moisture at 50 per cent, relative humidity, loss on igni- 
tion, sticky point, etc. In a later paper Coutts [1929] has confirmed the general 
findings as applied to a selection of 66 South African Soils. The main conclusions 
arrived at by Keen and Coutts as a result of investigation of the single values refer- 
red to above were as follows : — 

1. Heavy day soils exhibited the highest ignition losses, moisture contents 

and sticky points. 

2. The correlation r CS (C=clay per cent,, S=H 3 0 content per cent, at sticky 

point) increased as a result of treatment with H 2 0 2 , thereby suggesting 
that the sticky point value is controlled by organic matter in addition 
to some property allied to the clay content. 
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3. Partial correlations showed that the sticky point was controlled by the 
colloidal matter, organic and inorganic* while the value for ‘IP, i.e., 
the. amount of water held by soil in ■ an atmosphere at 50 per cent, 
relative humidity was controlled by the clay. 

II. Scope op present enquiry. 

In the first place it was intended only to test the results obtained by Keen and 
Coutfcs with a large number of soils from various surveys already in hand. The per 
cent, clay (C), loss on ignition (I)., air-dry moisture (L), and moisture at the sticky 
point (S) for these soils had already been determined, and it was not proposed in the 
first place to attempt any special work on the subject. 

III. Soils used in the investigation. 

These were from three separate and distinct surveys. 

(a) Mandalay Canal area soils. — These comprised 38 surface soils with their 
corresponding sub-soils. Practically all are calcareous paddy soils. 

(b) Pegu District soils.— These comprised 119 surface soils and their correspond- 
ing sub-soils. Practically all are typically sour Lower Burma paddy soils. 

( c ) Forest Survey soils. — Unlike the two previous groups of soils, these are from 
various soil types. They comprised 53 surface soils 0-3", with sub-soils at l'-2' and 
3 '-4' depth. Not in every case could all relationships be examined with 53 soils and 
sub-soils. In certain cases only about 20 comparisons could be made. Most of 
these soils are unsaturated but a few are calcareous. 

A special feature in Keen and Coutts" work was the use of H 2 0 2 to assess the 
value of organic matter in its effect on certain values. In the present case it 
appeared possible that similar results might be obtained by comparison at various 
depths instead of using H 2 0 2 , although it was of course possible that changes in the 
chemical composition of the soil at various depths or horizons would obscure any 
such relationships. 

IY. Methods used. 

(#) Percentage clay (0). — This was determined by the method of the Agricul- 
tural Education Association [ 1926 ] with the modification that H 2 0 2 was not used. 
It has been shown by the writer [Charlton, 1927] that H 2 0 2 is not essential for 
maximum clay yields in tropical soils containing small amounts of organic matter. 

(6) Air-dry moisture ( L ). — Determined as the loss in weight by drying 2-3 grms. 
soil at 100-105°0 for 24 hours. 

(c) Loss on ignition (I).— Soil from ( b ) was taken and the further loss resulting 
from ignition at red heat determined. 

E 2 
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«, Moisture « the stick,, point (0.-11. metliod as described by Keen «d 

Of the treatment agreement was not so good. All determinations were earned ^ 
in duplicate and where the amount of water found m t e up ioa ea 1 
per cent, or more, the estimations were repeated until satisiac , j - _ 
obtained. It should be noted that, in the duptote e^ente referred <n he 

two lots of soil and water were worked up quite independently. Also « » 
"d Couth, ehowed that in soils at the sticky point 16 per cent, water was held a 
“Itkl water, a round h^ire of 16 per cent, was deducted 

water found in the soils at the sticky point. It was considered tU h thu ^ won d 

give a closer relationship to the colloidal properties of the . 0 . than the total wate, 
content at the sticky point without affecting the correlations obtained. 

No other properties were examined. . , , 

It should* hi noted that the data are calculated on a basis of soil dried to 

constant weight at 100-105°C, except in the case of the determination o • J 

which is on the air-dry basis. Obviously a soil dried to constant weight at 
100-105°C has no air-drv moisture hut the adoption of such a basis is m reality * 

perfectly simple matter and useful for such comparisons. 

The fact that L is not identical with R, i.e., the moisture retained by the soil 
in an atmosphere of 50 per cent, relative humidity should be remembered. Hence 
the comparison with Keen and Coutts’ results could not be pushed too far. 

Y. Experimental results (preliminary). 

(a) Data obtained . 

These are shown in Table I in which the four single value properties C S, 
L and I have been expressed as correlation co-efficients. Partial correlation 
co-efficients are shown in the same table. Non-significant values are shown in 
brackets [ ] while comparable significant differences have been shown by 

arrows Comparable values not connected by arrows do not differ significantly. 
Certain partial correlation co-efficients in the forest soils 1 -2 
greater than unity. The basis of significance mall cases has been taken at 
P=-05. The number of samples employed in ascertaining total correlations is 
shown in Table I opposite n which is the number of soils used. The number 
used for ascertaining partial correlations is not shown because this fo ows 

automatically. 
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(b) Comparison ' with results obtained by oilier workers . 

The mathematical methods followed were the same as those employed by Keen 
and CouttSj these being developed by Fisher [1928]. 

The highest value for total correlations is r Sl, and this is followed fairly closely 
by r SL and r LI, the two latter being approximately equal. The values obtained 
for P SI are close to those quoted by Contis and by Keen and Coutts. r SI, r SL and 
r LI appear to be relatively unaffected by the depth from which the soil samples 
were drawn and hence may be independent of the organic matter. At any rate 
such changes in. values with increased depth as were obtained are not significant. 
Unfortunately in the case of some of the forest soils, relatively few comparisons 
could be made and lienee comparatively large changes in value are necessary for 
significance in these cases. 

Of the remaining total correlations r S0 appears to be affected by the depth of 
sampling, the correlation disappearing at even i/~2 ; in the case of forest soils while 
the change in value of T S0 from 0"-S" to I '-2' is significant. The number of 
samples in these cases is over fifty, so that considerable confidence can be placed in 
the results. 

r 0L behaves rather similarly to r SC but the correlation disappears only at 3 ~4' 
in the forest soils, the fall in value from 0"-3" to 3'-4' being significant. 

r Cl behaves curiously inasmuch as it gives significant values relatively 
unaffected by depth of sampling except in the case of the Mandalay sub-soils. This 
cannot be explained at present. Meanwhile it may be noted that the amount of 
carbon dioxide in carbonate form in soil and sub-soil, respectively is approximately 
equal in Mandalay and Pegu groups . In Table II these, data are given, together 
with values for organic matter for the same soils. Similar data are not available 
for the forest soils. 

Table II. 

Chemical data regarding Mandalay and Pegu soils : ( average of all soils examined per 

cent on air-dry soils). 


Mandalay soils 


Pegu soils 



1-33 

1*22 


6 * 42 " 

1*47 


0 *- 6 " 


6 * 42 " 

0*052 


Co 2 in carbonate form. 

Organic carbon (wet combustion) 


0*82 


0*061 

1*04 


>5 
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' Further information must therefore he sought from the partial correlations given 
in Table I. From these the following general conclusions may be drawn : 

r SI 

1. The correlation is chiefly controlled by L and is scarcely affected by elimi 
nation of 0. 

2. Depth of sampling seems to be without effect on r bl. 

3. The impossibly high values for hSI.C and r SI.CL for the forest soils at 1-2 

are most probably due to changes in value with change of horizon, the unsatis- 
factory nature of L itself , being an estimation usually imperfectly controlled due 

to changes in relative humidity or to the small number of comparisons. 


1. Elimination of I destroys the correlation in most cases while elimination 
of o' has relatively little effect. Hence the correlation r SL depends chiefly on 
factors destroyed by ignition and depends scarcely at all on the clay content. 

2. It is likely that the values for r SL.IC are relatively high because fe includes 
the air-dry moisture L. A study of the correlation T S-L. L. would be worth making 

but this was not attempted. 

3. 'The significant negative value for r SL.IC in the forest soils 3-4 depth 
may again be due to the causes mentioned under r SI No. 3 above. The fall m the 
value of r SL.IC from 0" — 3" to 3' — 4' is also significant. 


1. The three groups of soils do not behave alike. Although elimination of^ clay 
causes a significant fall in the case of Pegu soils, the value r LI.C remains signifi- 
cant and in some cases is almost as high as T LI. Elimination of S destroys the 
correlation in Mandalay soils, is less important than elimination of C in Pegu -soils 
and more important than C in the forest soils. In general tLI.CS is non-sigmfi- 
cant but in the case of the forest soils at 3'— 4' depth it is very highly significant. 

2. In general the correlation r LI seems to depend chiefly upon the same factors 
which control the sticky point. 

r SC 

1 . The total correlation disappears at 1' — 2' depth in the forest soils. 

2. Although the Mandalay calcareous soils behave somewhat differently from 
the other soils, it is seen that elimination of I and L profoundly affect the correla- 
tion though not always to the same degree. Further, elimination of both I and L 
may give significant negative correlations. It is therefore likely that S and C need 
not necessarily be directly causally related. 
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r CL 

1. The total correlation disappears at 3'— 4' depth in the forest soils. 

2. Forest soils behave quite differently from the Mandalay and Pegu soils when 

r CL.I is considered. _ 

3. It is not advisable to draw any further conclusions from the correlations r OL 

except that it seems likely that change of composition of the soil with depth can 

transform r 0L.I and 'CL.IS to significant negative quantities. 

r CI 

1. It would be expected that with the diminution in organic carbon content 
with increased depth of sampling, an increased total correlation r Cl would be 

obtained. There is no sign of any such increase. 

2. Partial correlations r CI.L and r CI.LS show some tendency to increase with 
depth but there is obviously a great difference in behaviour in the different groups 

° f S °The only correlations strictly comparable with those given by Keen and Coutts 
are r SI. r SC and r CI. It was considered that the apparently peculiar behaviour 

of r SC at various depths in the sub-soils required explanation as no suggestion of 

such behaviour was given by Keen and Coutts. Further, the value Cl w ic iR 
one case was 0'844 required explanation as Keen and Coutts obtained only O' 6 
with 39 soils and Coutts later found r CI=0'751 with 66 soils. 


(e) Reasons for necessity of examination of effect of change of replaceable bases. 

The soils examined were all drawn from arbitrary depths and not by horizons. 
It may be added that this is not a serious matter with Burma paddy soils whic are 
usually exceedingly deep alluvial soils in which horizon changes are few, if any, 
except for the gradual loss of colour due to diminished organic matter with increased 
depth. If the conclusion arrived at by Keen and Coutts to the effect that heavy 
clays have high sticky points and that since r CS increases as a result of H a O, treat- 
ment is valid there seems no good reason for the diminution of the correlation 
with forest soils at 1'— 2' and 3'-4' depth unless other important factors besides 

organic matter affect the correlation. , ^ _ 

It had been noticed in laboratory work carried out for special purposes that the 
sticky point of sodium clays gave lower values than one would have expected from 
the amounts of clay present. In this connection it may be added that Smohk 
r 1930 ] found that sorption of water vapour by soils m an atmosphere of 50 per 

cent, relative humidity was affected by the replaceable bases present. The sorp 

, . , - -vr . n„ •• TT- and NH’a. It was therefore decided 

increased m the series Ka , ta , fflg , iv anu im 4 - 
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to examine this possibility, since change of replaceable bases with change of horizons 
seemed a likely cause of the variations found. Another likely cause would also be 
the silica/sesquioxide ratio with change of soil or change of horizon but this was 
nnt o-srarmned as sufficient time was not available. 



YX. Change of replaceable bases. 

The soils used were taken from the Pegu Survey surface soils, 24 being taken, 
the onlv restriction being that there should be a large amount of soil available It 
was decided to prepare hydrogen, calcium and sodium soils with and without 

H,Oo pre-treatment. In addition, one lot of the soils was treated with H 2 0 2 only 

for the sake of comparison. Magnesium, ammonium, etc., soils were not prepared. 

VII. Methods used. 

Hydrogen clays were produced by exhaustive treatment with N/ 20 HC1 until 
all calcium had been removed after which the soils were washed with distilled water 
until free from chlorides. The soils were then dried at a temperature not 
exceeding 45°C. Calcium soils were produced by repeated treatment with N. UU 8 
solution, at least 1 5 such treatmeuts being given. The soils were then washed free 
from chlorides and dried at a temperature not exceeding 45°C. 

Sodium soils could not. be produced successfully by comparable means as they 
could not be washed free from chlorides. Accordingly the fully unsaturated soils 
were prepared, distilled water added in the amount soil/ water =l/ 2 and N/ j 0 hiaOH 
added drop by drop until the reactions were just alkaline to phenolpkthalein. More 
N/ 10 NaOII was added daily as necessary for five successive days to bring the soil 
to pH 8'4 approximately. The soil- water mixtures were then dried at room tem- 
perature by means of a current of air from a fan. Prepared in this way the soils 

were not really sodium clays but sodium-hydrogen clays since at pH 8-4 complete 
displacement of hydrogen is not achieved. In spite of this drawback the soils were 
regarded as sodium soils. One merit of the method of preparation was that loss of 
organic matter was avoided. 

In all cases when it was desired to produce hydrogen, calcium and sodium soils 
after removal of organic matter, the treatment with H 2 0 2 was carried out first after 
which the treatment for introduction of replaceable bases was identical with treat- 
ments previously described. It should be noted in this case that the use of air-dry 
moisture figures (L) was not possible and hence the value 4 E ? i.e,, the amount of 
moisture in the soil in contact with a 50 per cent, saturated atmosphere was substi- 
tuted. The temperature was kept constant at S0°0 and the soils were exposed in 
very thin layers at the bottom of special wide, shallow weighing bottles until no 
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further change in weight was recorded. This was usually after about five days 
exposure. 


VIII. Experimental results. 

(a) Data obtained . 

These are given in Tables III and IV. In Table III the actual values for S, I 
and E are given while in Table IV the corresponding correlation coefficients are 
shown. In this connection it may be noted that as the 24 soils used were merely 
a rough selection covering ranges from very light to heavy soils, comparison of 
means is out of the question, there being no tendency to group round a mean. On 
the other hand it is possible to compare the differences in S, I and E produced in 
each of the 24 soils as a consequence of treatment received so that the result of each 
treatment can be assessed. 



Table III — oontd . 

Experimental data for S> I and R contd. 



7'83 4*150 
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'SI 

'SLR . 
r SL 0 . 
'SI. OR 

'SR * 
‘SR. I . 
'SR. 0 . 
'SR. 10 

'SO . 
'SO. I . 
'SC. R - 
'SO. IR 

'01 * 
'01. R . 
'CL S . 
'Cl. RS 

'CR * 
'OR. I . 
'OR. S . 
'OR. IS 

'RI . 
'RI. 0 . 
'RI. 8 . 


Correlation 


Table IV. 

soils as modified by change of replaceable 
bases. 


Untreated 

(24) 


•939 ^ 

•615<r< 
*906 J 
*756 <- 


•901 

[•no]*- 


.J 




•808 
[ *406] 


•S69 ^ *3 

[•213]<J 
•794 J 
•584 4r~ 

•8S4 "3 ^ 

[•385]J 
•772 J 
•530 4r 


•947 
- 770 ^-J 
f -673 4r J 
L>[-I55] 4rJ 


HjOj treated 
only 
(22) 


•977 1 "3 
• 829 <H 

•940 

•838 <r 

•925 1 1 

[•054K-J <- 
•783 ^ 

[-072K-' <c 


r ) 


•725 *3 "3 1 1 

•803 -pi 

— *535<-J j 

i 


[ — •312]< r -- J I 

[_-364] 4-^ 


[•220] <--* 

— -629 4r J 


[—■316] 


•857 1 'l 


J | 


- 455 <— 

* 570 j 

•500 

•816 

[•046]<-J I 
[•324] 

[•065] 4r J 


•943 ^ 
’ -818 
•4S6<- 
[-387] 4r 


'RI. CS 
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Correlation co-efficient 


Correlation 


r SI 

r S.L R , 
'SI. 0 , 

'SI. OR , 

'SR 

'SR. 1 
'SR. C 
'SR. IC 

'SO 
'SC. I 
'SC. R 
r SC. IR 

’Cl 

'CI.R 
'Cl. s 
'Cl. RS 

'OR 
'CR.I 
r CR.*S 
'CR. IS 

'HI 
'RI.C 
r RI. S 
'RI. CS 


Table IV — mntd. 

s for Burma paddy soils as modified by dm 
bases — coatd. 


Ca** treated only 



Jiange of replaceable 


Na* treated only 
(24) 


•984 

•959 y 

■968 'l •] 

( i | 

j y -6934p 

•7544-J 

*722<rJ *cy 

i I 

I t .gig 

| -90 i 

*921 p J 

•739 4- 

i -807 <r J 

•7444- J 4-J 


[—•13 S14r J 

*808 P J 

<r 


[ — *351]<7 



•904 'j '' 

*982 p "1 

[•02o]4- J y 


[•141K-J y 


•747 ^ J 

•818 i 


[•307K-- 1 4-- 

[ -148]<J <J 


T1 



•767 y 

'j 

*783 ^ 1 ' 

J | 

'! 


[— •361]4r- / ' 


[ — •270J4--' 1 

■ 1 

4r J 

1 


[--•052] 4r- 

i 

[—161] <- J 

4-- 


— •441 4r^ 

[-•303] 4- 


*864 ^ 



•855 ^ 'l 

[*406]<r^ 



[•298]4-J 

*647 



*657 

*522 


*516 

•835 ' 

P 


*861 “I ■> 

[ — ‘058 ]4-' 


|*j 

| 


•458 4- 

1 

*611 

[-•HI] 


*436 


■974 p " " 
•912^ 

■789 

‘727 <r~ 


*846 ^ 

[• 066 K-J I 


[•267] <-■> 

•S7i y 
[ -393]^ 
•626 
[•416] 


•927 y 1 
•723 ^ 4--* | 

•495 | d 

-->[-157]<-J 4p 


•961 y " 

•855 "] d | 

I 

•646 4-J 

•455 A 4-J 
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uiddy soils as modified by change oj replaceable 

bases — contd. — — — — 

(H 2 0 3 treated) — Na* 


wrma 


(H a 0 a treated) — H’ 


(H 2 0 2 treated) — Ca 1 


Correlation 


->[-225]<J 


[ — •014'K- 
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Table IY —eoneld* 

Correlation co-efficients for Burma paddy soils as moi 

bases— -conoid. 


by ehange of feplaoesble 


Correlation 



~ 

66 South African 

Untreated 

| H 2 0 2 treated 

soils 



'837 


[•133Kr 

[*092] 


[ *19 5]<- J <r 



(b) Effect of change of replaceable bases on 3. 1 and R. 

In Table V the effect of the change of replaceable bases on the sticky point 
I moisture has been shown. All differences produced are significant except that 

between the untreated soil and the H' soil which has received H 2 0 2 treatment. It 
| ? must be noted that in Tables V, VI and VII although non-significance is shown by 

double ended arrows under mean value for the sake of convenience, the significance 
' or non-significance does not apply to the means but to the differences produced y 

; ! treatment. It is obvious that the moisture at the sticky point is profoundly 

i | affected by change of replaceable bases, the order for S beingH->Ca"> Na* whether 

l | organic matter is present or not. The removal of organic matter in general 

| reduces the S value by 3*2 per cent, but although this is a considerable effect it is 

j much smaller than the differences between H* and Na’ soils which may amount to 

7-7 per cent, in the presence of organic matter and 5 8 per cent, after H 2 0 2 treat- 

f ment. , 

The fact that in podsol soil in which clay accumulates in the B horizon tne 

, j sticky point moisture of the ! B ’ horizon was not increased over that of the ‘ A ’ 

j ' | horizon, has been noted by Soott-Blair [ 1931]. This may possibly be due to the 

I presence of different replaceable bases in A and B horizons. 



Table V. 

Change of sticky point with change of replaceable bases and H 2 0., treatment. 


Mean value of sticky 
point 


Mean change 


treated 


Untreated 


treated 


treated 
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Table VI. 


Change of loss on ignition with change of replaceable bases and Hf) 2 treatment. 


Mean value of i< 
on ignition 


Mean change 


^->8*284 


Untreated 


treated ) 
H 2 0 2 only 
H2O2 ^ 
treated 3 

h 2 o 2 1 

treated ) 


-->5*880 


^ r ->M77 


>->5*102 


'‘—>5*091 


Table VII. 

Change of ‘ R ’ with change of repkeeMe bases and H 2 Q 2 treatment. 

q •, Mean value of ‘ R ’ Mean change 


Untreated 
H a O a — Ca- 


HA— H- 
H a O — Na- 
Na- 

H,0, only 


,->2-954 
'-->2-93S 
f ->2-776 
j ^-->2-773 
t-> ,,->2-683 
^->2-660 


Table VI shows the changes produced in I by changes of replaceable bases and 
H 2 0 2 treatment. Absence of arrows indicates significant differences produced. 
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la this case the differences are not so marked as in the case of the values of S but 
are well marked, none the less. The values of I are in the order Ca**=H* >Na* 
whether treated with H 2 0 2 or not. Removal of organic matter by H 2 0 2 reduced 
I on the average by one per cent, which is greater than the change produced by 
different replaceable bases. This is as would be expected. 

The results obtained by change of replaceable bases and H 2 0 2 treatment on 
the value of R are given in Table VII where again absence of arrows indicates 
significant differences. The values are not so satisfactory as in the cases of S and I. 
The value of R for untreated soil remains definitely higher than the values after 
any treatment whereas in the case of S and I certain treatments gave values both 
higher and lower than those of untreated soils. This is unsatisfactory but although 
it would appear likely that the [treatments which the soils were subjected to are 
responsible, it is possible that some replaceable bate not tried in these experiments 
would have exhibited higher values for ' R ' than was obtained for the untreated 
soils. In this connection it may be pointed out that Smolik found R to increase 
in the series Na*, Ca**, Mg”, K* and NH 4 ‘ so that removal of replaceable Mg*% K% 
and NH 4 * may be responsible for the low value of R obtained. In the series 
obtained, the values are in the order H* >Ca** >Na* without H 2 0 2 treatment and 
Car* >JT==Na* after H 2 0 2 treatment. The mean reduction in the value of R as a 
result of H 2 0 2 treatment is 0*16 per cent, but this is subject to many exceptions 
and is not to be relied upon. Comparison between the relative effects of H 2 0 2 
treatment and change of replaceable base is not possible from the data obtained. 

It may be stated that whereas S is chiefly controlled by the replaceable bases, 
followed by the organic matter, I is controlled chiefly by the organic matter and 
to a less extent by the replaceable, bases while the facts concerning R are uncertain. 
It should be remembered that all the soils quoted are typical tropical arable soils 
usually containing only about one per cent, organic carbon. In temperate climates 
it is possible that organic matter may be the chief controlling factor for S, I 
and R because of its greater amount in such soils. 

It will be noted that in general, the effect of substitution of various replace- 
able bases such as IT*, Ga*‘ and Na* tends to affect 3, I and R in the same way or 
direction, i.e., increase in the value of S is usually accompanied by increase in the 
value of I and R but this is not invariable. Thus the highest sticky points are 
found in H* soils but the loss on ignition of H* soils is greater than with €V * soils. 
Further, although in soils not treated with H 2 0 2 , the values of R are H* > Oa** > 
Na 8 , in the H 2 0 2 treated soil the order is CV* > H* = Na'. Although Mg**, K* and 
NH* 4 soils were not prepared, it is obvious that the possibility of high values of S 
being produced with low values of I or R by certain replaceable bases in not ex- 
cluded and may lead to negative correlations. 
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(c) Effect on correlation coefficients. 

These are shown in Table IV. The values obtained by Keen and Coutts and 
by Coutts have also been entered for ease of comparison. In this connection, it may 
be noted that the value reported for r SC by Keen and Coutts [1928] for untreated 
soils is 0*371 and not 0*317 as shown in the original paper*. The correlations are 
as calculated by the writer and do not in all cases agree with those given by Keen 
and Coutts. 

y SI 

The substitution of different replaceable bases has comparatively little effect 
and the values both for total and partial correlations agree excellently with the 
values obtained by Coutts for 1 66 South African soils. The value for r SLCE for 
H 2 0 2 treated Oa** soil is significantly greater than the value for H 2 0 2 treated Na* 
soil. Partial correlations show that elimination of R causes a small significant 
reduction but elimination of clay is without significant effect on the correlation. 

r SR 

The resemblance to Coutts’ results for 66 South African soils is well marked. 
In the majority of cases r SE.C is significantly greater than r SR.I and hence while 
elimination of clay is comparatively without effect, elimination of I in most cases 
destroys or greatly reduces the correlation. It is only in the case of H* and Na* 
soils after treatment with H 2 0 2 that the correlation r SK JO is significant. This is 
partly due to the small number of soils used in the tests. There is little doubt that 
certain replaceable bases may cause an inverse relationship in S and E. 

rS 0„. 

Keen and Coutts found that the correlation increased very considerably as a 
result of II 2 0 2 treatment. Their figure r 8C=0*371 for untreated soil is remarkably 
low and Coutts 5 figure for 66 South African soils agrees much better with the values 
for r S0 for Burma soils. Elimination of I destroys the correlation or transforms it 
into a significant negative value. The treatment with H 2 0 2 is not responsible fox 
this negative value which occurs both in untreated and H 2 0 2 treated soils. Elimi- 
nation of E also gives negative values though these are rarely significant. Organic 
matter plays a more important part in r SC.R than in r S0.L A remarkably high 
significant negative correlation for r SCJE is obtained for untreated soils both with 
and without H 2 0 2 treatment. Keen and Coutts likewise obtain a non-significant 
negative correlation for r SC.IE both with and without H 2 0 2 treatment. Coutts 5 
figures do not agree well with any of the r SC figures for Emma soils. It is clear 


* Private communication from J. E. H. Coutts. 
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that an inverse relationship may be expected between S and 0 and this could easily 

arise if in the case of heavy day soils these were chiefly combined with Na* while 
the lighter soils would be chiefly H e soils. The possible part played by replace- 
able bases other than H% GV' and Na* cannot of course be stated for lack of 
experimental data. 

*CI 

Again the values obtained by Coutts for *01 agree better with the values found 

for Burma soils than the values obtained by Keen and Coutts. Partial 

correlations do not agree well with Coutts' or Keen and Coutts' results however, as 
in Burma soils elimination of R destroys the correlation in nearly every case while 
elimination of S has little effect. It seems clear that the correlation r CI depends to 
a great extent upon the replaceable bases present in spite of the fact that the small 
amounts of organic matter present in these soils individually alter the loss on 
ignition figure more than change of replaceable base. Whereas Keen and Coutts 
obtained an increased correlation T CI after H 2 0 2 treatment, in the case of the 24 
Burma paddy soils no increase was obtained. Also in the case of the values for r CI 
quoted in Table I. 5n every case without exception the value r 0X diminished with 
increased depth although the diminution was in no case significant. 

r CR 

The correlations do not agree well with those obtained by Keen and Coutts and 
by Coutts. In the majority of cases r CR.I is non-significant in Burma soils 
whereas r CR.S is generally significant. The conclusion is that r 0R depends 
largely upon the presence of organic matter but also to a large extent upon the 
replaceable bases. 

r RI 

In this case again the values obtained for Burma soils agree better with 
Coutts' results than with those of Keen and Coutts. The close agreement between 
the values obtained by Coutts and the writer for r RI and the much lower value 
obtained by Keen and Coutts suggests that this particular correlation is considerably 
affected by soil type. The very high total correlation seems independent of the 
presence of organic matter but partial correlations show that R and I are not highly 
correlated except as Ca** soils for which r RI. CS is remarkably high. It follows that 
with certain replaceable bases r RI may he high but as the relationship depends 
upon the clay and the factors controlling the sticky point as well, R and I are not 
usually highly casually related. 

The fact that Keen and Coutts found a, significant negative value for r RI. CS 
for H 2 G 2 treated, soils probably indicates that under special conditions of replace- 
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able bases present, inverse effects on E and I may be produced, thereby giving 
negative correlations. The values for the correlations in Table IV in respect 
of 39 soils reported by Keen and Coutts are as worked out by the writer. As has 
already been mentioned Coutts has pointed out a printing error in the original 
publication but the values found for r SC. I, r RI. 3 and r IR. S (H 2 0 2 — treated) by 
the writer differ from those quoted by Keen and Coutts. Coutts* has now 
accepted all the values as worked out by the writer except for r CR. 3 for untreated 
soils and hence the conclusions drawn by Keen, and Coutts require some re-exami- 
nation especially as regards the relationships between R and I. 


From the values r SLC 
TRC.X 
*RI.C 
*80.1 


. 0*844 
. 0*673 

. 0*195 
. 0*120 


i.e. } the values given in Table IV. Keen and Coutts drew the important conclusions 
that the sticky point is chiefly controlled by the material in the soil lost on ignition 
while R is controlled largely by the clay content. It would appear that although 
these conclusions apply to the 39 soils examined, they do not apply to .soils in general 
as the 66 soils examined by Coutts and the Burma paddy soils give quite a different 
result. 


IX. Conclusions and summary. 

1. The existence of a high correlation between, the sticky point moisture and 
loss on ignition is confirmed. The values found for r SI and partial correlations 
approximate to those found by Coutts for 66 South African soils. Among the soil 
properties examined it seems unlikely that any correlation except r SI may be 
regarded as relatively free from the influence of replaceable bases or other factors. 
Even in the case of T SI certain factors have an influence on the correlation. 

2. Although high correlations were found for r S0 and r RI, such relationships 
do not indicate a fundamental direct relationship in all cases when examined by 
partial correlations. There is little doubt, for instance, that clay per cent, and 
sticky point moisture may be inversely related in certain soils. It is believed that 
the variability of the relationship between clay per cent, and sticky point moisture 
is largely controlled by the replaceable bases although other factors may be im- 
portant also. 

3. The increase in the value of r SC as a result of treatment by H 2 0 2 was 
found to be small whereas Keen and Coutts found a large increase. This may be 
expected since the Burma soils described have little organic matter whereas those 
worked with by Keen and Coutts most probably contained larger amounts. In 


# Farfc3ier private communication from B* B. Coufctg. 
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trolled by the inorganic colloids. Expel * , - m o{ the point 

“ &0ted 

repkceebleteae, the correlate ioI tle relation >CI aa a 

r J'oTTo' ’ « «» i “»“ d *** “ dienoe 

under the control of the p Qature of tbeS0 colloids being equally 

controlled by amount of co 01 s < . , controlled by the clav is an unsafe 

important. Similarly the conclusion that B is controU^d 7 ^ ^ 

generalisation. with South 

for untreated and H.O, r ^ P wbich is very significantly less than the 

African soils the value C . ■ . * ,.pp th found to be 

former figures. In the case of Bmm- «J 6 ££ J with Ha 0 2 only, while 

™ lor tod, with only on. replane* has. 

n“i,rrr. P i-e^; sindt^ir“;Lica7^S: 

approximate to perfect conelat „. ■ probably has smaller effect 

onide ratio of soils agents tWlnes^otS, workell „ ia „ er e 

f‘‘“™°So“»hert'“he fiica/sesquioxide ratio may be expected to be reasonably 
“S soils from kifi.rent types may be expected to give lower com*- 

originally worked with iby Keen ^ the rela- 

S y “ TZ 'Z which .nay apparently he negatively cor- 

related in certain soils. j , EI 0 and , S C. I Keen and Coutts 

£* Obtained^ I Keen and Coutts cannot be expected with all sods and other 
factors^beyond those considered by Keen and Coutts must be taken into consider 

tion, 
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of the writer are due to several of his staff for much laborious 
ork and especially to Mr. V. V. Subramaniam, M.A., who has now 
;ake up an appointment in the Income-tax Department, Rangoon. 
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SELECTED ARTICLE 

INDIAN BARLEYS 

1 . „ . YVXVII (Vol. XXVIII, Now 

i i frnm f he Journal of the Institute of Brewing, 

[Reproduced from 1 M J out , of t he Editor.] 

Series), No. 9, September, 1931, wi V recently set on foot comprehensive 

The Indian Provincial Gov« * J*" ^ 

schemes for improving the quality o tad in tbe valuation 

They have requested the assistance of ■ been examine d 

o. «« *• — 

and reported upon by the Valuatio seT ies o{ bar l eyS was received 
Committee. The most recent and - ompr Agricultural College, and 

from the Cexealist to Goveinm , t ’ e/of Indian barley hitherto known 
these represent such an advance on J* have been ab ] e to report very 

in this country that the Valuation Sub-Co > _ t d by so me of the two- 

favourably upon them- The valuers closely with the best 
rowed barleys. remarked U P 0n ' 

English malt. Their. freedom from dam,: * P differed somewhat in 

Others approached mid-European ar y . that the samples examined 

appearance from these. It should be borne m gr0WD . 

Benghazi and 7 own in the detailed report are exceedingly high 

.le *. of tic W, is 

* *«» 'fit brewers’ extract 

— s- l t " r^f 

from tie quarter of any tarley, Bntisii F 

-rwC » , 2srrErtsr >** * — 

weather They were steeped at 57° E. and were floored for nine days at tem- 
peratures varying from 60° E. to 64° E. during the last three days and cured 
at 180° E. The malting called for no remark, the germination was excellent and 
regZ and, in most cases, the modification proceeded very well indeed, as the 

extracts and malting losses show. 

Although these barleys differed considerably m type and variety, it is l - 
teresting to note how closely the extracts obtained agreed with those calculated 
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tom* shown by Bishop to apply to B»t** barleys. In 
owing predicted extracts, 3-7 lb. was subtracted from the «tract MM 
fmmrda given by Bishop ior Plumage-Archer barley (Me J«md of te 
e of Brewing, 1930, 422), the formula used becoming . 

E=106-4 -11-2N +0-18G. 

iw below the determined and predicted extracts, and differences are 


■6 -Rowed Barley. 


Extracts in Brmers 9 1b, per 33i 


Pre- 

dicted 

Extract 


Deter- 

mined 

Extract 


Differ- 

ence 


Deter- Pre- 
mined dieted 
Extract Extract 


Variety 


99*2 +0*7 1 155 B . 

98*4 +1*1 Naushera, common 

98*1 +1*1 4-0303 . 

95*0 0*0 Cross N/B • 


Multan 


Mianwali 


■1*3 1 Ludhiana 


Naushera 4-roved 


Lyallpur E 
Simla . 

Baluchistan 


98*4 — 0*4 143 

96 . 4 . —0*3 Lyailpur B. 

96*5 — 3*6 Hoshiarpur 


Gujarkhan 
Gujrat . 


0*6 I Bewari 


Standard Error 
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2-Rowed Barley. 


[IT, i 


Variety 

Determined 

Predicted 

Difference 

Extract 

Extract 

1-0624 . 


97-3 

98-3 

—1*0 


0*0 

2-0297 . 

99*2 

99*2 

• . « ». • * • 


Special 2-rowed 

• 

99*3 

100*5 

—1*2 

3-0121 . 


100*8 

99*0 

+ PS 

. * « * • » * 

97*1 

+1*2 

O-oldthorpe ® • 

98*3 

Carter’s Prolific 


96*5 

96*7 

— 0*2 

. • • • « • • 
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Indian Barleys, 1929, and Malts , 


Cold 
water 
ext., per 
cent. 


Extract 
lb. per 
quarter 
on dry 


Nitrogen 
per cent, 
on dry 
barley 


1,000 

com 

weight 

grams 


Diastatic 
I power 
;°Lintner 


Moisture 
per cent. 


Moisture 
per cent. 


Colour 


Name 


6-rowed Barleys . 


Cross N/B 


Bewari 


Lyallpur, E 


INDIAN BARLEYS 


Indian Barleys, 1929 , and Malts - 


1 ,000 Nitrogen Extract 

•xt Moisture corn per cent. Moisture lb. per 

Name per cent, weight on dry per cent, quarter 

grams barley on dry 


Diastatie 

Colour power t 
Lmtnei 


Per my. 
sol. if. 
per cent, 
on dry 


6 -rowed Barleys — contd. 
10*3 36*5 1*328 I 2*26 j 99*3 


10*2 36*7 1*305 2*12 99*2 


Mianwali 


10*6 34*3 1*274 1*86 99*5 


10*5 28*3 1*175 1*76 98*0 


10*2 26*3 1*333 1*94 95*6 


10*0 27*4 1*347 1*70 93*8 


Naushera, 4-rowed 10*4 30*5 1*367 1*78 96*6 


Ludhiana 


10*2 29*3 1*253 1*76 98*2 


Hoshiarpur 


10*4 30*0 1*243 2*08 96*4 


Gujarkhan 


10*7 29*2 1*225 1*72 97*2 


Lyallpur, B. S. . 10*3 30*8 1*313 2*02 97 2 

Naushera, Com- 10*4 30*3 1*320 1*94 95 4 


Cape, B. S. 


10*2 27*5 1*349 1*98 96*6 


10*5 28*3 1*242 1*80 96*0 


10*2 30*3 1*309 2*10 97*6 


10*4 29*7 1*572 2*08 92*8 


10*5 32*2 1*406 2*16 92*9 
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:YS RECEIVED FROM CEREALIST 'J 
JARY, 1930. AND ON THE MAE Lb 
TALLY MADE FROM THEM. 
Valuer’s Reports. 


Extract 
lb. per 
quarter 
oil dry 
Malt 


Malting 
Loss, per 
cent, on 
dry 
Barley 


Extract 
lb. per 
448 lb. 
Barley 


Malts 


Barleys 


Barley 


imilar to commercial Justify 
types of Karachi barley Note 

shipped in the past. of low 

Value according to mar- as gra 
bet. Small demand for ally a 
brewing, considerable 
demand for distilling* 


Justify barley report- 
big as Californian. 


Rewari 


colour. Jbe valuers 
preferred 155-B and 
consider that there 
would be no point in 
growing Rewari it !t 
could be grown np to 


Not unlike barleys ship- Justify barley report, 
ped in the past from 
certain Indian districts. 

Quite useful for com- 
mercial purposes, espe- 

cially distilleries. _ 

Colour would always Justify barley report. 

^ Bright app— Note 

£ke than that ruling abnormally low dm S ta 

fnv Indian barley on tic power of 7-0315. 


so attractive. 



Extract 
lb. per 
quarter 
oix dry 
Malt 

108-7 100-0 

107- 8 100-1 

105-6 97-3 

100-3 93-2 

108- 3 99-3 

108- 9 99-2 

109- 3 99-5 


Extract 
lb. per 
448 lb. 
Barley 


Malting 
Loss, per 
cent, on 
dry 
Barley 


10*0 

8*9 

8*4 

7*8 


9S*0 

95*0 

93*8 

96*6 

98*2 

96*4 

97*2 

97*2 


95*4 

96*6 

96*0 

97*6 


104*3 

100*9 

105*0 

106*6 

104*5 

106*5 

105*4 


104*0 

104*8 

104*1 

106*8 


10*3 

9*0 

9*5 

9*3 

8*0 

9*4 


Justify barley report. 
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Valuer’s Reports — contd. 


Mianwaii 


Eaushera . 
Hoshiarpur 
Gujarkhan 
Lyallpur B ] 


Another type, known in Justify barley report ex- 
the past which made cept 155a which has 

very useful malt, and very high N., low ex- 

was always in demand tract, and high D. P., 
by distillers and, to a and is a distillers’ malt, 
certain extent, by some 
brewers. 


A group of very small Justify barley report, 
barleys, but consider- 4-0303 not up to quality 

ably brighter than that of others. Contains 

usually imported. some immature unfilled 

corns. 

Probably attractive to 
distillers. If malting 
test prove satisfactory, 
handicap of size might 
not prove serious. 


Rather larger than the 
last group, but the 
same remarks apply. 


Lyallpur Similar to qualities of Justify barley report, 
good record known in 
S 83 the past, bub these are 
probably superior. 


S 60 Similar, but smaller. 


Naushera 

Common 

6-099 

Cape B. S. 

S 35/1 | 
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Valuer's Reports- 


Barleys 


Malting 
Loss, per 
cent, on 
dry 
Barley 


Extract 
lb. per 
448 lb. 
Barley 


Extract 
lb. per 
quarter 
on dry 
Malt 


Thin barleys probably Justify barley report. >So 
deficient in extract, but small that they would 


this must be tested by 
malting. Might not com- ! 
pete with other Eastern 
barleys. 


not find a market. 
White appearance is 
attractive, but extract 
is very low, and nitrogen 
very high ; would be 
practically unsaleable. 


Baluchistan Quite useful barleys. 

Colour unusually bright. 

Multan • 


Justify barley report. 
Multan low N., good ex- 
tract, moderate 1). P. 
Is the best in appear- 


8-0889 Too thin to be of any Malt agrees, no value . 
value. 

10-3651 Ditto . . 

B/ IS Mot so nice looking as Despite small size gave 

Special Mo. 8 though good extract, 
similar. 

Special No. Very nice ripe barley, hut Ditto 

8. too thin and small for 

commercial use. 


Most conformable to 2- Compare very closely with 


rowed barley of home 
and foreign countries of 
which Committee have 
experience. 


best English malt. Ex- 
tract of malt 2 lb. lower 
than English, but 5 or 6 
lb. higher when referred 
hack to barley on ac- 
count of the lower mois- 
ture in the latter. 


Quite an unusual sample, Unusual sample, high N 

* , , oil k . — A TV T> Trvitr 


Very large, hut not filled 
out. 


arid high D. P. Low ex- 
tract. Mot a malting 
barley, and not suitable 
for import in competi- 
tion with English. 
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Valuer’s Reports — eoncld. 


Barley 

Barleys 

Malts 

Malting 
Loss, per 
cent, on 
dry i 

Barley 

Extract 
lb. per 
448 lb. 
Barley 

Extract 
lb. per 
quarter 
ondry 
Malt 

Special 2- 
rowed. 

Goldthorpe 

Eesemble large unripe 
Hanna. Appearance be- 
low 2-0297 and 3-0121. 

Value as malt equal to 
Mid-European, but not 
so well filled. Would 
probably bo an opening 
for this, and might re- 
place imported Euro- 
pean. 

10-2 

9-3 

106-6 

106‘8 

99*3 

98*3 

Carter’s 

Poorest of all 2-row ed, 

Justifies barley . report. 

8*4 

105*0 

96-5 

Prolific. 

and not promising from 

Low extract, high JSf., 





appearance. 

poor appearance. 





H. Lloyd Hind. 

Enzymic activity os’ the malts. 


The following determinations of liquefying and amylolytie power were made by 
L Fletcher and J. B. Westwood to compare the enzymic activity of the experi- 
mentally-made Indian malts with that of commercial malts. The starch liquefying 
power was determined by the method of S. Jozsa and H. C. Gore, as modified by 
Fletcher and Westwood ( The Jo urnal of the Instit ute of Brewing, 1930, 550), the 
amylolytie and dextrinolytic powers according to the method described elsewhere in 
this issue (see p. 470). A standard starchpaste was used in the substrate in the 
deter mina tion of liquefying power, which is expressed as the weight of starch 
liquefied by the weight of malt taken. 

The amylolytie and dextrinolytic powers are expressed by the weight of 
maltose produced by 1 grm. malt in one hour at 40°0. from soluble starch and J. L. 
Baker’s a-amylodextrin respectively. The method of expression for amylolytie 
activity cannot be exactly compared with that conventionally employed in the 
standard method for determination of diastatic power on account of the different 
experimental conditions. Comparison of the figures in the following table with those 
given for diastatic power on page 464 indicates the approximates relationship 
Amylolytie power x5 - 3=Diasta tic power, Lintner. 

The weight of maltose produced from a-amylodextrin, under the conditions 
prescribed, by 1 grm. malt in 1 hour at 40°C. is considered to represent the relative 
dextrinolytic activity of the malts. 

The results indicate that the Indian malts examined have enzymic activities 
comparable with those of normal commercial malts. 
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Malts from Indian Barleys . 
Samples from RotJmmsted . 


Variety 


Liquefying Amylolytic power s Maltose 
power : Grms. produced by 1 grm. malt 
starch lique- in 1 hour at 40°0. from 

Bed by 1 grm. 

malt in 1 

hour at 21°C. Starch Dextrin 


Baluchistan 

Gujrat 

5- 0577 
122 . 

Cross N/R . 
S.60 . 

6- 099 . 

155A . 

1- 0624 

2- 0297 
Golclthorpe . 
Carter’s Prolific 


Malts from Commercial Barleys . 
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l-he expressed sap of corn plants as an indicator of nutrient needs. A. N. 
Peitinger. [Reprinted from the Journal of Agricultural Research, Yol. 43, 
No. 2, July 15, 1931.] 

The investigations reported here were undertaken to determine (1) whether certain character- 
istics of the expressed sap of com plants are related to fertilizer practices, and if so, whether 
the relationships are sufficiently strong to be used as a basis for recommending the application 
of various fertilizers, and (2) to determine the extent of agreement between the results obtained 
and those obtained by other methods. 

The saps were extracted with a small laboratory hydraulic press at a pressure of 6,500 
pounds per square inch from 15-inch sections of stalks immediately above the ground. 

The quantity of sap that can be extracted from the stalk issues of corn plants is closely 
related to diameter of stalk and to soil productivity. Large stalks produced on fertile land 
yielded from 70 to 90 c.c. of sap per stalk section, while small stalks, from unproductive soil, 
yielded only 20 to 30 e, c. per section. Large stalks contain more sap per unit of stalk volume 
than do small stalks. 

There is a general relationship between the color of the expressed saps and the productive- 
ness of the soil on which the plants are grown. Saps that are colorless after clarification, and 
those that are light brown in color indicate a fertile soil, while a dark- brown color in the sap is 
associated with unproductiveness. 

The color of the expressed saps is closely correlated with potassium fertilization. Dark- 
brown saps were obtained from plants grown on soils that are deficient in available potassium, 
while colorless saps and those of the light shades of brown were obtained from plants grown on 
soils containing an abundance of available potassium. 

The concentration of nitrate nitrogen showed only a fair degree of correlation with nitrogen 
fertilization. It was well correlated, however, with the soil supply of nitrate nitrogen. 

The total phosphorus content of the sap is closely related to phosphatic fertilization. 
Applications of either superphosphate or farm manure increased the total phosphorus content 
from two to live times that contained in saps coming from plants grown on plots that received 
no phosphorus. Rock phosphate was less effective in increasing the phosphorus content than 
either superphosphate or manure. 

Phosphorus concentrations were high when grain production was subnormal, and lower when 
grain production was normal to supernormal. 

Because of the lessened demand for phosphorus after the ear has developed, phosphorus 
accumulates in the sap during September. The increase is approximately 100 per cent, and 
occurs irrespective of phosphate fertilization. 

The potassium content of the sap shews nearly perfect correlation with potassium fertiliza- 
tion. The saps coming from plants grown on plots which received either muriate of potash or 
manure contained from two to sixteen times more potassium than saps from plants grown on 
similar plots receiving no such treatment. < 
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There is a slight tendency for potassium to accumulate in the sap during the month of 
September. The increases, however, are small compared to those of phosphorus for the same 
period. 

The following approximate nutrient concentrations in the sap are suggested tentatively as 
standards in diagnosing soils: Very deficient, nitrate nitrogen less than 100 p. p.m., total 
phosphorus less than 0T0 mgm. P 2 0 5 per cubic centimeter of sap, potassium less than 1 mgm. 
K 2 0 per cubic centimeter ; moderately deficient, nitrate nitrogen 200 p. p.m., total phosphorus 
OTO to 0*20 mgm. P 2 0 5 per cubic centimeter, potassium 1*5 to 2*0 mgm. K 2 G per cubic centi- 
meter ; ample, nitrate nitrogen above 300 p. p.m., total phosphorus above 0*20 mgm. P 2 0 5 per 
cubic centimeter, and potassium more than 2 mgm. K 2 Q per cubic centimeter. 

Although the concentration of nutrients in the sap is a good indicator of the relative quanti- 
ties removed from the soil, there is a tendency to overestimate the removal on unproductive 
soils and to underestimate the removal on fertile soils. 

The hydrogen-ion concentration of the expressed sap shows a fair correlation with potassium 
fertilization. In general, saps from plants grown on plots receiving potassium are below pH 5*45, 
while those from plots receiving no potassium are higher. 

The hydrogen-ion concentration is not appreciably correlated with soil productivity. 

The depth of green color shown by corn plants is a good indicator of nitrogen needs. The 
‘color of the plant, the results obtained by the Hoffer stalk test for nitrates, and the nitrate 
concentration in the sap all agre3 in indicating nitrogen needs in the tests conducted. 

Dead tissues around the margins and between the veins of the leaves is an accurate indicator 
of potassium deficiency. This condition was well correlated with the Hoffer test for iron 
accumulations in the nodal tissues of the plant and small amounts of potassium in the sap. The 
absence of dead tissues in the leaves was accompanied by nodal tissues free from discolorations 
and iron accumulations and by large quantities of potassium in the sap. 

Except in seasons which promote shallow root development, the amount and severity of 
lodging may be used as a guide to potassium needs. 

Applications of potassium were accompanied by increased root anchorage. This was proba- 
bly due to the prevention of iron accumulations at the nodes which allowed normal translocation 
of foods to the roots and therefore more extensive root development. (Author’s Summary.) 

Further studies on tobacco ring-spot in Virginia. R. G. Henderson and S. A. 
Wingard. [Reprinted from the Journal of Agricultural Research , VoL 43, 

August 1, 1931.] 

Ring-spot, a virus disease of tobacco, has been reported from a largenumber of important 
tobacco-growing districts in the United States, Australia, Sumatra, South Africa, and Nyasaland. 

Natural infection has been reported of sweetclover, yellow iron-weed, petunia, and squash 
with viruses which produce ring-spotlike symptoms when transferred to tobacco. These viruses 
differ from the tobacco ring-spot virus principally in the difference in the severity of the 
symptoms which they produce on tobacco. It is suggested that these viruses may possibly be 

attenuated forms of the tobacco ring-spot virus. 

Jimson weed and cantaloupe have been found to be natural hosts of the tobacco ring-spot 

virus. 

The ring-spot virus did not survive the winter in the roots of poke-weed plants. 

The thermal death point of the ring-spot virus lies between 60° and 70° C. 
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Expressed juice from ring -spot-infected tobacco plants stored at a subzero temperature 
remained infectious for more than 22 months. 

The ring-spot virus is very readily inactivated by desiccation. 

The ring-spot vims can be precipitated and separated from expressed juice with either 
alcohol or acetone and recovered in water without any appreciable injury to its infective pro- 
perties. The virus is filterable through a Berkefeld filter of W grade if the infectious juice is first 
freed of its suspended solid matter. 

The ring-spot virus is infectious in dilutions as great as 1 to 1,000, but only a trace of 
infection has been obtained with 1 to 10,000 dilutions. 

It has been found that under greenhouse conditions the ring-spot virus will persist for more 
than a year in the juice of tobacco plants -which have been propagated by cuttings. The ring- 
spot symptoms may remain masked during this entire period. 

As a result of artificial inoculation, typical ring-spot symptoms developed on detached 
tobacco leaves and cuttings kept alive in moist chambers. Artificial inoculation also showed 
tobacco leaves of intermediate age to be more susceptible to ring-spot infection than either the 
very old or the very young leaves. 

Tobacco ring-spot infection was produced on tomato plants by grafting. 

Very little evidence has been found in these studies to indicate that the ring-spot virus is 
seed borne in tobacco, but it was found to be very readily transmitted through the seed of 
petunia. 

Artificial inoculation of certain varieties of potato with the ring-spot virus resulted in local 
infection on the leaves. Nevertheless, the virus occurring naturally in apparently health} potato 
plants is regarded as being entirely different from the tobacco ring-spot virus. 



Effect of ginning methods on cotton fibre quality studied. [Extract from The Official 
Record, United States Department of Agriculture, Voh 10, No. 32, dated 
Washington, the 8th August, 1931.] 

Ginning may seriously affect the grade and staple of cotton that contains too much moisture, 
according to studies made at the cotton ginning laboratory at iStoneville, Miss., and in the cotton 
fibre research laboratories at Washington, I). C. Too rapid operation of the gin will also 
injure the fibre. In explaining these observations, F. L. Gerdes, fibre technologist of the 
Bureau of Agricultural Economics, says, <fi Studies of the effects of ginning methods were begun 
as a result of protests received by the department from the cotton industry in this country and 
abroad to the effect that the preparation of American cotton is not as good as it used to be ; 
that is, the cotton is rougher and more neppy and nappy than formerly. 55 

Preliminary studies, Mr. Gerdes states, indicate that successful cleaning and extracting 
depend on the moisture content of seed cotton. Excessive moisture causes, among other things, 
a loss or shortening of fibre lengths and a lowering of grade. It also affects the preparation. 

Inferior preparation of cotton in the Delta of the Mississippi, Mr. Gerdes explains, is usually 
the result of ginning early, green, sappy cotton, and late rainsoaked cotton without proper condi- 
tioning, and of operating the gins at full capacity on long -staple cotton. Even if a long-staple 
cotton has a so-called normal moisture content, preparation may be inferior if it is ginned too fast. 

By improved machines and methods, the fibres of samples are sorted according tc length. 
A comparison of the weight percentages of the different fibre lengths of samples ginned in various 
ways, Mr. Gerdes states, will show the best ginning conditions for any given cotton. Results 
obtained by measuring the color of cotton, he says, can be converted into terms of grade* 
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Introduction. 

As rice forms one of tlie staple foodstuffs of a large part of the human popula- 
tion. serious attempts have been made to improve the quality of rice and to increase 
the yield per acre in a number of different ways. One of the main lines of investiga- 
tions which is pursued by the agriculturists in all the rice-growing countries is the 
study of the effect of the various salts, supplied in the form of fertilizers, on the 
growth of the rice plant and on its yield. This line of investigation has proved 
profitable. 

It is now known from the investigations carried out by Kellner [1884], Nagaoka 
[1904]. Kelley [1911] and Kelley and Thompson [1910], that nitrogen is best 
absorbed by the plant in the form of ammonium sulphate in the early stages of 
growth of the rice plant and nitrates in the later stages of growth of the rice plant 
and nitrogen is an important element. The effect of iron in the form of ferric 
phosphate was studied by Giles and Carrero [1915], and it was found that the plant 
needs and absorbs very little iron. Similarly magnesium was tried and it was also 
not found of much *use to the growth of the plant. Espino [1920] earned out a 
very carefully planned series of experiments to determine the salt requirements of 
the young rice plants, and he found that the best result was obtained with a four- 
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Bait solution containing a trace of ferric phosphate, mono-potassium p osp* a e, 
calcium nitrate, magnesium sulphate and ammonium sulphate, hav.ng a tota 
osmotic value of O' 08 atm. Similar experiments were tried by Trelease [1920] y 
making use of a three-salt solution and found that three fertilizers, potassium 
sulphate, calcium phosphate and ammonium sulphate in a certain concentration (his 
solution No. RIC 8) had the best effect on the growth of the rice plant. 

From what is mentioned above, it could be seen that a large amount of usefu 
information on the nature and quantities of salts necessary for the healthy growth of 
the rice plant is now available and the above workers have shown the importance of 
potassium, calcium, phosphorus and nitrogen to the rice plant. 

Sahasrabuddhe [1928] in his experiments on the assimilation of nutrients by the 
rice plant has shown that the rice plant absorbs from the soil 28 lbs. of nitrogen, 
20 lbs. of phosphoric acid, 60 lbs. of potash and 28 lbs. of lime when 2,000 lbs. of 
grain and 2,000 lbs. of straw are taken as the yields per acre. It clearly shows that 
these substances are absorbed from the constituents of the soil. 

In all the investigations described above, no attention is paid to the osmotic 
relations of the plant with the culture solutions in which they are kept. It is 
necessary to know the changes produced in the osmotic and suction pressures of the 
rice plant when grown in culture solutions of different compositions and different 
concentrations. Ursprung and Blum [1921] from a series of experiments with Vida 
faba, L. have shown that the suction pressure of roots becomes equal to the osmotic 
pressure of the surrounding medium. They transferred the roots from saw dust to 
cane sugar solutions of different concentrations and it w 7 as found that the suction 
pressure gradually changed and finally (if the solution was not strong) became equal 
to the osmotic pressure of the external solution. If the roots were transferred to a 
cane sugar solution of very high osmotic pressure, the absorbing zones of the roots 
died and new roots developed having the same suction pressure as that of the 
external solution. The above results obtained by Ursprung and Blum [1921] could 
be explained according to known facts. They used cane sugar which is not 
permeable to living cells, and it is expected that an interchange of water would take 
place till the pressures inside and outside are equalized. When they used strong 
solution, the living cells died on account of strong plasmolysis. 

It was also shown by Demidenko [1926] that the osmotic pressure of the cell 
sap depended upon the osmotic pressure of the salt solution outside and an increase 
in the osmotic pressure of the solution in the soil increased the osmotic pressure of 
the cell sap. Similar observations were made by Litwinow [1926]. He also found 
the variations in the osmotic pressure of the culture solution of different concentra- 
tions and the suction pressures were proportional to the increasing concentration of 
the culture solution. 
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In the above observations of Demidenko [1926] and Litwinow [1926] on the 
relations that exist between the osmotic pressures of the plant cells and of the exter- 
nal solution, the changes produced in the osmotic pressure by the entry of ions of a 
salt are not taken into consideration. Some ions are absorbed more than the others 
and they may have some effect on the osmotic and suction pressures of plant cells, 
even when the osmotic values of different culture solutions used are kept the same 
> as was done by Gericke [1930]. If the ions absorbed change the osmotic and suction 

l pressures of the plant cells, the plants grown in culture solutions of different com- 

'■# positions but of the same osmotic value will have different osmotic and suction pres- 

sures, as some culture solutions contain, ions which are absorbed by the plant, while 
: other culture solutions have the ions which are not absorbed by it. Hence the 

osmotic relations of the plant with the surrounding medium, whether it be a culture 
solution or the soil, constantly vary and at no time is the osmotic pressure or suction 
pressure of the plant in equilibrium with the external medium. From what is said 
above, it would be of interest to study the osmotic and suction pressures of the rice 
plant when grown in different concentrations of salts and note the changes produced 
! in them when the plant is grown in different concentrations of a salt which is known 

to be absorbed by the plant as compared to the changes produced when it is 
grown in similar concentrations of a salt which we know is not absorbed by it at a 
certain stage of growth. 

Secondly in all the investigations summarised above, the influence of the omis- 
sion of certain salts on growth and the amounts of the salts absorbed are determined 
by finding out the yield of grain and straw (per acre) after a particular treatment is 
given or making the chemical analysis of the plants at different stages of growth. 
The process of determining the chemical composition of the plants at different stages 
is both lengthy and tedious. For determining the total yield of the seeds and straw 
it is necessary to wait till the harvest time. For these reasons, if a simpler method 
of determining whether a plant is able to absorb a particular salt or not is devised, 
it should prove of great value to agriculturists and render easy their task of finding 
out the nature of salts absorbed by the plant and consequently needed by it. 
Whether it is possible to devise such a method can be seen from the arguments 
advanced below. 

^ The osmotic pressure of a cell depends upon the presence of certain osmotically 

active substances in the cell contents and the force with which the water from 
outside passes into it depends upon the difference between the osmotic pressure of 
the external medium and the osmotic pressure of the cell contents minus the 
inwardly- directed wall pressure. So the absorption of water depends upon the 
suction force of the cell. It is also known that the plasmatic membrane which is 
impermeable to all substances, is permeable to some and consequently the passage 
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of th, ions of the »lte tokos piaoo from outside into the inters of tin, *J 

entry oi a salt should disturb, even temporarily, the osmouc value I 
wJd in all probability, tend to increase its osmouc Utt £ 

the salts or their ions are not absorbed or absorbed t a 0Slil0 tie 

change in the osmotic value of the cel * expected, bo the ^ ^ 

pressure of a cell when treated with a salt would lud ^\ ^ ^ woald ais0 

versa, it is also possible that the change m the osmotic value ^he ce 1 ^ 

depend upon the concentration of the absorbed salt outside, aiic u ■ . e ^ 

— ion. of a. - -lol lead to d«™ W “ iol2n,^ 

tie relationship between 3. t ^billed end tbe eletcrmm.tion of 

the osmotic pressure oi a plant oeu c . . , nttrnn -H r . vn i ue to its 

“r 3d‘« " - rr;::: 

ZipSnTIny s^uld bo known without undergoing 
the lengthy process of making the chemical analysis of the plan \ 

It is not possible, except in a few cases, that the entry of an ion in a cell can e 

detected bv microcbenhcol tests and tl,ereteie,it is not posed, le to denaonstrute tile 

entry ^of an ion in . ceil whose osmotic vuine bus incensed. But 

an ion from the external solution can he shown by analysing chcmcally the into 

solution before and after the plant is kept in it. It 

salt is absorbed and if measurement oi the oanotic piessuie o w ■ 

siou indicates a rise, the latter effect may salely be attributed to t — 

Tt no rise in tbe osmotic pressure is detected when tbe salt is not absoibed. .1 w k 

1 support the same conclusion. It is also possible .bat •*» «»*»«■££ 

value of a cell may be temporary and may be followed by a ail. 1 ‘ ■ 

espected as, alter the absorption of a salt, it may combine with other substances and 

thus lose its osmotic properties. 

Lastly if the different concentrations of a salt that is absorbed by a cell laJ -o 
osmotic pressure to different degrees it can be concluded that the differences mn, 
osmotic pressures of the cell contents are caused by the differences in the amount 
the salt absorbed. Dastur and Baptista [1931] have recently measured the osrnotm 
and suction pressures of the roots and leaves of the rice plant during the whole 
season and they also noted that the manuring of the rice plants m the mon 1 o op 
ternber by a dose of ammonium sulphate raised the osmotic ant suction pressures cn 
the cells of the roots and leaves in comparison with uimianured p aids, ■ oi.g l a. 'e. 
a few days the osmotic and suction pressures of the manured plants dropped down anu 

became normal again. 
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It seemed very likely from fcfie reasoning advanced above and from the experi- 
ments of tlu: abovemeutioued workers especially from the- observations made by 
Dastur and .Baptists [1931], that the investigation would yield interesting and in all 
probability profitable results. 

The ii ivestigation would also be interesting from the point of view of the entry 
of the solutes into the cells. Various methods have been described by different 
workers to determine the permeability of the vegetable ceils to the salts. Stiles 
[11124] has described fourteen different methods for the absorption of different 
substances in solution. The permeability of vegetable ceils to the solutes could also 
be determined by measuring the osmotic and suction pressures before and after the 
immersion of the cells in known molecular solutions of different substances which are 
osmoticaliy active. 

It is proposed to carry out this investigation with the rice plant as the working 
material and if it proves profitable, to extend it to other plants also. The experi- 
ments described in this paper were first restricted to the rice plant as it was con- 
sidered more important to perform an exhaustive series of experiments with one plant 
than to obtain incomplete data with a number of plants. The. observations were 
then extended to other plants in order to support the conclusions arrived at by the 
studies with the rice plant. 

Investigation. 

As mentioned in the introduction above, the rice plant absorbs nitrogen in the 
form of potassium nitrate in the later stages and as nitrogen is such an important 
element in the foodstuffs of plants, it is undertaken first to measure the osmotic and 
suction pressures of the rice plant at different stages of growth when treated with 
different strengths of these substances either in pure form or in combination with 
others in culture solutions. It would also be of interest to study the changes in the 
osmotic and suction pressures of plants when treated with different salts such as 
monopotassium phosphate, calcium sulphate and potassium sulphate as K, P, and 
Oa are now known to be absorbed and assimilated by the plant. 

Method. 

Rice seeds (Kolamba variety No. 42) were sown in pots and eight days after 
sowing, they were transferred to the solution of ammonium sulphate of nine different 
strengths, from N/. 100 to N/900 molecular solutions and kept in the solutions for 
eight days. At the end of the eighth day, i.e., 16th day after sowing, the osmotic 
and suction pressures oi the seedlings were measured. The solutions were kept in 
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ne litre capacity for which wooden Uds fitting t 
eedlings were specially prepared. The seed , 
a the eighth day to a solution of ammonium su 
l0 le on the lid. The lid was completely sealed 
,on was taken to avoid the growth of moulds m 
e lid and the collar of the plants. 

pressure of the plant was < 

Vries [1884] and by the plasmometric 

3 stated by Dastur i 
pressure of the roots and leaves were 
lotic pressure existing in 
was determined near the apex a. 
and the leaf lamina below the apex, 
ur and Baptists [1931] in determining t 

•pressure of the rice plants after similar 1 
would give indirect evidence of the absorption or non-absorp 

orption of a salt changes the osmotic value of the cell conten , 

suction pressure of the cell also alters. . 

of measuring the suction pressure of cells devised by Urspru & 
1 * .C _ .3 rt nTTfll 1 Q.l f.imfis bv the same authors is use m 


determined by the ordinary method of 
' ' 5 method of Holler [1918] for 

and Baptists [1931]. 

determined m order to nave 

the plant body. In the case of roots 
nd the base and in the case of leaf 
The same procedure as was 
:he osmotic pressure was 
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tables given by Adie [ 1891 ] who determined the osmotic pressures of various solu- 
tions of known strengths by means of Pfeifer's method. 


Table I. 


The osmotic pressure of the roots of seedlings 7 days old kept in 

for eight days. 


25th October 1929 
18 tli December 1929 
10th November 1929 
23rd December 1929 
„ „ 1929 

4th January 1930 

6th „ 1930 

26th „ 1930 

28th „ 1930 


Similarly tie osmotic pressure in leaves of seedlings kept in (NH 4 ) 2 S0 4 solution 
on the eighth day after sowing was measured after eight days. 

The osmotic pressure on the eighth day (before the seedlings were transferred to 
solutions) was 6'2 atms. at the leaf sheath and 8'8 atms. at the leaf apex. 


Table II 


The osmotic pressure of the leaves of seedlings 15 days old. 


O. V. 
of the 
external 
solution 
in atms, 


Strength 
of the 

(NH 4 ) a S0 4 

solution 


O. P. at 
leaf sheath 
in atms. 


N/ 100 
N/200 
N7300 
N/400 
N/560 
N/600 
N/700 
N/800 
N/900 


25th October 1929 
18th December 1929 
10 th November 1929 
23rd December 1929 
„ „ 1929 

4th January 1930 
6th ,, 1930 

26th „ 1930 

28th „ 1930 


Strength 
of the 
(NH 4 ) 2 S0 4 
solution 

0. V. 
of the 
external 
solution 
in atms. 

0. P. at 
root apex 
in atms. 

N/100 

0*528 

3*60 

N/200 

0-264 

5*70 

N/300 

0-176 

6 20 

N/400 

0*132 

4-95 

N/500 

0-106 

2*50 

N/600 

0*088 

3*60 

N/700 

0-075 

3-20 

N/800 

0*066 

2-50 

N/900 

0*059 

2-50 
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Tlie Tables I and IT clearly show that the osmotic pressure in the roots and 
leaves rises as the concentrations of the ammonium sulphate solution decrease from 
NTOO to N/300. The highest values of the osmotic pressure in the roots and leaves 
are obtained when the seedlings are kept in the N/300 (NH 4 ) 2 S0 4 . They are 8*8 
aims, in the root base and 15*9 aims, at the leaf apex. The osmotic pressures of the 
seedlings kept in solutions of lower strengths than N/300 begin decreasing as the 
dilution of the solution increases. (After N/800 (NH 4 ) 2 S0 4 the osmotic pressure 
remains more or less uniform.) N/300 (N1T 4 ) 2 S0 4 produces maximum osmotic 


pressure and the lowest values of osmotic pressure are produced when N/800 
(NH 4 ) 2 S0 4 is used. 

On comparing the values of osmotic pressures of roots and leaves of the seed- 
lings determined before they were transferred to the solutions of ammonium 
sulphate, with the values of osmotic pressures of roots and leaves of the seedlings 
determined after they had remained in these solutions for eight days, it is seen that 



the osmotic pressures of the roots and leaves in solution of ammonium sulphate of 
strengths N/100 to N/40Q have risen considerably, while in lower strengths of 
ammonium sulphate solutions the osmotic pressures have fallen. 

Similar experiments were tried with seedlings fifteen days old after sowing and 
transferred to (NH 4 ) 2 S0 4 solutions of different strengths. The osmotic pressure of 
the root was measured after the seedlings had remained for eight days in each 
experiment. 

The osmotic pressure measured on the 15th day before the seedlings were 
transferred to the following solutions was 2*0 atms. at the root apex and 3*0 atms. 
at the root base. 


Table HI. 

The osmotic pressures in the roots of seedlings 23 days old . 


2nd November 1929 . 
2 6 tli ’Decent ber 1929 . 

18 tb November 1929 . 

31st December 1929 . 


Strength of 
the (NH 4 ) a S0.j 
solution 

0. V. of 
the 

external 
solution 
in atms. 

O. P. at 
root apex 
in atms. 

N/100 

0*528 

3*60 

N/200 

0*264 

5*70 

N/300 

0*176 

7*50 

N/400 

0*132 

3*20 


O. P. at 
root base 
in atms. 
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Table III — wntd. 


The osmotic pressures in the roots of seedlings 23 days old could. 


Date, 

-Strength of 
the (NH 4 ) a S0 4 
solution 

0. V. of 
the 

external 
solution 
in atms. 

0. P. at 
root apex 
in atms. 

0. P. at 
root base 
in atms. 

31st December 

1029 . 


» 

N/500 

0*100 

3*20 

4*40 

12th January 

1930 . 

• 

. 

N/COO 

0*088 

3*60 

3*60 

14th „ 

1930 . 

; 

• 

N/700 

0*075 

2*50 

2*50 

3rd February 

1930 . 

• 


N/800 

: 0*066 

2*50 

8*60 

5th 

1930 o 

* 

* 

N/900 

0*059 

2*50 

3*60 


Similarly the osmotic pressures of the leaves of the above seedlings weie 
measured. Osmotic pressure at the leaf sheath was 5’0 atnis. and at the leaf apex 
6'2 atms. on the fifteenth clay. 


Table IV. 


The osmotic pressure of the leaves of seedlings 23 days old. 


Date 

Strength of 
the (NH 4 ) 2 S0 4 
solution 

0. V. of 
the 

external 
solution 
in atms. 

O. P. at leaf 
sheath 
in atms. 

O. P. at leaf 
apex 
in atms. 

2nd November 1929 . 


N/ 100 

0*528 

8*80 

31*50 

26th December 1929 * 

* 

N/200 

0*264 

1 

9*50 

11*50 

18 th November 1929 • 

. 

N/300 

0*176 

14*50 

18*60 

31st December 1929 . 

. 

N/400 

0*132 

6*20 

8*80 

ft 9y 

1929 . 

« 

N/600 

0*106 

5*65 

8*1 

32th January 

1930 . 


N/600 

0*088 

4*40 

J*50 

14th 

1930 . 

. 

N/700 

0*075 

5*00 

6*20 

3rd February 

1930 . 

. 

N/800 

0*066 

4*40 

4*95 

5th 

1930 . 

• 

N/900 

0*059 

4*40 

4*95 
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In the seedlings 23 days old the N/300 (NH 4 ) 2 S0 4 solution produces maximum 
osmotic pressure in the roots and leaves and the values of the osmotic pressure are 
higher than the corresponding values of osmotic pressure in the seedlings of fifteen 
days as can he seen from Tables I and II. 

The suction pressures of the seedlings 15 and 23 days old after sowing the seeds, 
were measured after keeping them in the solution of ammonium sulphate of different 
concentrations for eight days before measurements were made. The suction pressure 
values should always be lower than the corresponding values of osmotic pressures 
on account of opposite wall pressure existing in the cells. This was found to be the 
case as the comparisons of the results above and below would show. 

The following table gives the suction pressures of the roots of seedlings fifteen 
days old. The suction pressure on the eighth day was 1‘3 atms. at the root apex 
and 2*5 atms. at the root base. 


Table V. 


The suction pressure of the roots of seedlings on the 15th day. 


Date 

Strength of 
the (NH 4 ) 2 S0 4 
solution 

O. V. of 
the 

external 
solution 
in atms. 

S. P. at root 
apex 
in atms. 

S. P. at root 
base 
in atms. 

28th October 

1929 . 



N/ 100 

0-628 

1-3 

2*50 

X8th December 1929 . 



N/200 

0-264 

3-6 

4-95 

10th November 1929 . 



N/300 

0*176 

3*6 

4*96 

23rd December 1929 . 



N/400 

0-132 

3-6 

4*95 


1929 . 



N/500 

0-106 

1-3 

2*60 

4th January 

1930 . 



N/600 

0*088 

3*2 

3*80 

6th 

1930 . 



N/700 

0*076 

2*6 

3*60 

26th 

1930 * 



N/800 

0*066 

1*3 

1*30 

28th 

1930 . 



N/900 

0-059 

1*3 

1*30 


The values of the suction pressures in the roots remain the same in N/200, 
N/300 and N/400 ammonium sulphate solutions, while in the solutions of other 
strengths they are lower. The constant suction pressure values in N/200, N/300 and 
N/400 ammonium sulphate solutions are probably due to increase of negative wa^l 
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pressure of the cells in greater degrees when immersed in N/200, N/300 and N/400 
(NH 4 ) 2 S0 4 solutions and that is responsible for the constant values of suction 
pressure in these solutions. Otherwise the results agree with the corresponding 
results of osmotic pressures. 

The following Table VI gives the suction pressure of the leaves of seedlings 
after fifteen days. The suction pressure on the eighth day was 3 - 6 atms. at the leaf 
sheath and 4 '95 atms. at the leaf apex. 

Table VI. 

The suction pressure of the leaves of seedlings on the 15th day. 


Date 

Strength of the" 
(NH 4 ) a S0 4 f 
solution f 

O. V. of 
the 

external 
solution 
in atms. 

S. P. at 
leaf base 
in atms. 

S. P. at 
leaf apex 
in aims. 

25th October 1929 



N/100 

0*528 

3*60 

7*50 

18th December 1929 . 

• 


N/200 

0*264 

7*50 

8*80 

10th November 1929 . 



N/300 

0*376 

8*80 

13*00 

23rd December 1929 • 



N/400 

0*132 

7*00 

8*80 

„ „ 1929» . 



N/500 

0*106 

3*60 

6*20 

4th January 1930 



N/600 

0*088 

4*95 

6*20 

6th „ 1930 



N/TOO 

0*075 

3*60 

5*65 

26th », 1930 

• 


N/800 

0*066 

2*50 

3*60 

28th „ 1930 

• 

'..i 

N/90Q 

0*059 

2*00 

3*20 


In N/300 ammonium sulphate solution the suction pressure is the highest in the 
leaves. The results agree with those of the osmotic pressure in the leaves. 

The suction pressures of the seedlings 23 days old after sowing and kept in the 
ammonium sulphate solutions of different concentrations for eight days, on the 16th 
day after sowing were determined. The following Table VII gives the suction pres- 
sures of the roots. The suction pressure on the 15th day before the seedlings were 
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transferred to the following 
the root. base. 


Table VII 


The suction pressure of the roots of see&hngi 


0. v. of 
the 

external 
solution 
in aims. 


I Strength of the 
I (NH 4 ) 6 S0 4 

solution 


N/ 100 
N/200 
N/300 
N/400 
N/500 
N/-0OO 
N/700 
N/800 
N/900 


2nd Novemb er 1 929 
26th December 1929 
1 Stli N o veinber 1 929 
3 Ifit December 1929 

12th January 19-10 
14th „ 1930 

3rd February 1 930 
6th „ 1930 


The results of the suction pressures for 28 days old seedlings do not differ from 

those obtained for the 15 days seedlings. 

The following table gives the suction pressures in the leaves of 28 days old seed- 
lings. The suction pressure on the 15th day was 5’0 atrns. at the leaf sheath an. 
6*2 atrns. at the leaf apes. 

Table VIII. 

The suction pressure of the leaves of the seedlings 23 days old. 


S. P. at. 
leaf apex 
in atrns* 


2nd November 1929 
26th December 1.929 
18th November 1929 
31st December 1929 
„ 1929 

12th January 1930 
14 th ,, 1930 

3rd February 1930 


Strength of the 

(NH 4 ) 2 S0 4 

solution 

0. V. of 
the 

external 
solution 
in atrns. 

S. P. at 
leaf sheath 
in atms. 

N/100 

0*528 

4*95 

N/200 

- ' 0*264 

7*50 

N/300 

0*176 

8*80 

N/400 

0*132 

4*95 

N/500 

0*100 

3*60 

N/600 

0*088 

3*60 

N/700 

0*075 

3*60 

* N/800 

0*066 

2*00 
: o.dA 


S. P. at 
root base 
in aims. 
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The results of the suction pressure for 23 clays old seedlings agree very closely 
with those obtained for 15 days old seedlings and the value of the suction pressure 
is highest in the solution of N/300 ammonium sulphate as the value of the osmotic 
pressure in 23 clays old seedlings is also the highest in the values obtained for the 
roots and leaves in all the experiments. The lower values of osmotic pressures and 
suction pressures in the roots in N/300 ammonium sulphate solution may be clue to 
the absorption of ammonium and sulphate ions which are passed on to the cells in 
the leaf sheath and leaf lamina, while the very high values of the osmotic and suc- 
tion pressures in the leaf sheath and leaf lamina may be due to the accumulation of 
the same ions in the cells. In the lower concentrations of the ammonium sulphate 
solutions the values of the osmotic and suction pressures in roots and leaves are not 
so widely divergent as the absorption of ammonium and sulphate ions is very little 
or nil and the differences between the values of both in the roots and leaves are 
small. 

It is known that the rice plant absorbs very little of nitrogen in the form of 
nitrates and if the conception that the absorption of an ion or ions is accompanied 
with increase in the osmotic and suction pressures of cells be correct, the treatment 
of seedlings at the same stages of growth and kept under the same conditions with 
different concentrations of KN0 3 would not be accompanied by an appreciable rise 
in the osmotic and suction pressures of the roots and leaves. At the same time the 
values of the osmotic and suction pressures would also vary according to the concen- 
tration of the solution of KN0 3 . Same types of experiments were done with the 
seedlings 15 and 23 days old with different concentrations of KN0 3 , as were per- 
formed with ammonium sulphate solution. The plants after 8 and 15 days were 
kept in solution of KNO s for eight days and the osmotic pressures of the seedlings 
were measured. It should be pointed out that while the seedlings of rice of both 
ages remain quite healthy in all the concentrations of ammonium sulphate, the seed- 
lings showed signs of death in higher concentrations of potassium nitrate. The 
measurement of the osmotic pressure of the seedlings in the higher concentrations of 
potassium nitrate was rendered difficult and in some cases no measurements could be 
made. For this reason it was necessary to use concentrations lower than N/900 of 
potassium nitrate. The concentrations of IvN0 3 used were N/100 to N/1500 and in 
solution of each strength the seedlings of eight days old were kept for eight days. 
Similarly the seedlings of 15 days old were kept in each of the solutions of the above- 
mentioned strengths. So the rice seedlings had to be raised a number of times in 
order to perform a series of experiments described above and below and as they 
could not be done simultaneously, the slight variations in the results obtained were 
expected on account of the difference in weather and the dates of germination and 
these slight variations may lead to some discrepancies in the results. In spite of 
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these sources of errors the results so far obtained are highly concordant and con- 
elusive.^ teHe gives fte „ motic F „ of the root, of <9>. seei IHngP. »<« 

days old. The osmotic pressure measured on the eighth day was 3 6 aims, a, 

root anex and 4 '4 atms. at the root base. 


Table IX, 


The osmotic pressure of the roots 'of seedlings on 


o. v. of 
the 

external 
solution 
in atms. 


0. P. of the 
root apex 
in atms. 


Strength of 
the KN0 3 
solution 


N/ 100 
N/200 
N/300 
N/40C 
N/600 
N/600 
N/700 
N/ 800 
N/900 
N/1000 
N/1100 
N/1200 
N/1300 
N/1400 
N/1600 


3rd March 1930 


The results clearly indicate that the osmotic pressure rema 
the roots in higher concentrations of potassium nitrate solu 
N/100 to N/900 and the osmotic pressure at the root base is slight! 
concentration of potassium nitrate solutions from N/1000 to N/I500, 
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The following table gives the osmotic pressure of the leaves of seedlings 15 days 
old. The osmotic pressure on the 8th day was 5*2 ai ms, at the leaf base and 8*8 
aims* at the leaf apex. 


Table X. 

The osmotic pressure of the teams of seedlings 25 dags old . 



The results of the osmotic pressure in the leaves show some irregularities. They 
show maximum osmotic pressure in IT/700 which is followed by a fall. The results 
in general terms show that the osmotic pressure at the leaf apex rises to 4*95 atms. 
while at the leaf base it reaches 3*6 atms. The results suggest very little absorption 
of K* and NO./ ions from the solutions. That this is the case can be seen from the 

o 2 
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experiments performed ,ith 23 days oid seeing, ^ 

15 th day was 2’0 atms. at the, root apex and 3‘0 atms. at the root base. 


Table XI. 

The osmotic pressure of the roots of seedlings 23 days old. 


Strength of 
the KN0 3 
solution 


0. V. 
of the 
external 
solution 
in atms. 


lltli March 1930 


17th „ 1930 

„ „ 1930 

5th April 1930 
„ ,» 1930 

31st March 1930 

„ >. 193° 

6th April 1930 
11th May 1930 
6th „ 1930 
„ „ 1930 

„ >, 1930 

11th „ 1930 


O. P. of the 0. P. of the 
root apex root base 

in atms. in ai ms - 


Plants died. Plants died. 


N/900 
N/1000 
N/ 1100 
N/1200 
N/1300 
N/1400 
N/1500 


The results indicate that the plants absorb slight amounts of Kls ° s f “ f Lr Q 
to N/1200 KNO, solutions and still lesser amounts from the lower strengths o * 

than N/1200 From higher concentrations of KN0 3 the plants don t absorb KNO s 
it aZd the values iff osmotic pressure are the same as obtained for the seedlings 

15 days old. 
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O. P. of the 
leaf apex 
In aims. 


Again taking the results in a general way the highest values of osmotic pressures 
are obtained with solutions of KNO 3 of N/l 000 to N/1200 strengths. Summarizing 
the results of the osmotic pressure of the roots and leaves of 23 days old seedlings in 
different concentrations of KN0 3 some facts of interest emerge from them. Firstly 
very little nitrates are absorbed from the potassium nitrate solutions and secondly , 
maximum absorption takes place from N/1000 to N/1500 KN0 3 solutions byiheroots 
and leaves of 15 days old seedlings, and the same is the case with the seedlings 23 
days old. The values of osmotic pressure in the leaves and roots of 23 days old 
seedlings are higher than the corresponding values of osmotic pressure of leaves and 
of 15 days old seedlings in N/1000 to N/1200 EN0 S solutions* This indicates that 


Plants died. 


5th April 1930 

r> n 1930 

31st March 1930 
„ ,, 1930 

6th April 1930 
Ilth May 1930 


Strength of 
the KNO s 
solution 


of the 
external 
solution 
in aims. 


O. P. at the 
leaf sheath 
in atms. 


The following table gives the osmotic pressure of the leaves of seedlings 23 days 
old. The osmotic pressure on the 15th day was 5*0 atms. at the leaf base and 6*2 
atms, at the leaf apex. 

Table XIII. 

The osmotic pressure of the leaves of seedlings 23 dags old . 


lint 
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t of nitrates absorbed by the rice seedlings from the solutions of same 

ons increases as the age advances. leaves of the 

Bases t h ere is a fall in the osmotic pressure of the roots and 1 
^ ‘ ■’ ' * -I . tttsjo solutions as compel 6 d with, those 

Z JZZZZZZL nis ™ not tie cate in soin- 

*2 "^etoo^d lea™ o t the See ^ 

rg old when grown in KN 0 3 solutions of different concentrations 7 

a . ei.no when the -plants were grown m ammonium sul- 


O, V. 
of the 
external 
solution 
in aims. 


Strength of 
the KNOa 
solution 


N/100 

N/2G0 

N/300 

N/400 

N/600 

N/600 

N/700 

N/800 

N/900 

N/lOQQ 

N/110Q 

N/1200 

N/1300 

N/1400 

N/I500 


3rd March 19*30 
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The results show clearly that the values of suction, pressure remains steady and 
no rise in the values is observed except with N/700 at the root base which may be 
due to reasons mentioned above. The following table gives the suction pressure of 
the leaves of 15 days old seedlings. The results are of the same type as those 
obtained for the roots. The suction pressure on the 8th day was 3*6 aims, at the 
leaf base and 4*95 atms. at the leaf apex. 

Table XIV. 

The suction pressure of the leaves of seedlings 15 days old . 


Date 

Strength of 
the KN0 3 
solution 

0 . v. 

of the 
external 
solution 
in atms. 

S. P. of the 
leaf sheath 
in atms. 

S. P. of the 
leaf apex 
in atms. 

3rd March 

1930 



N/100 

0*370 

2*00 

3*20 

M 

jj 

1930 



N/200 

0*188 

1*30 

2*50 

5th 

•n 

1930 



N/300 

0*125 

2*50 

4*40 

Oth 

ft 

1930 



N/400 

0*094 

•• 


it 

ft 

1930 



N/500 

0-075 

•* 


28th 

3 » 

1930 



N/600 

0*063 

2*50 

4*40 

*» 

99 

1930 



N/700 

0*054 

3*60 

5*65 

23rd 

99 

1930 


* * 

N/800 

0*047 

2*00 

2*50 


. 79 

1930 


■p 0 

N/900 

0*042 

2*50 

3*10 

20th 

9t 

1930 



N/1000 

0*038 

3*60 

3*60 

3rd 

May 1930 



N/ 1100 

0*034 

2*50 

4*40 

27th April 

1930 


« ■ «. 

N/1200 

0*031 

2*50 

3*60 


■99 

1930 



N/1300 

0*029 

2*00 

3*60 

n 

99 

1930 



N/1400 

0*027 

2*50 

3*60 

3rd May 

1930 



N/1500 

0*025 

2*50 

3*20 


The measurements of the suction pressure of the seedlings twenty three days 
old and kept in different concentrations of potassium nitrate solutions for seven 
days. The following table gives the suction pressure of the roots of twenty three 
days old seedlings. 

The results agree with those of the osmotic pressure of the roots of the seed- 
lings of the same age. There is an indication of slight rise of suction pressure in 
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N/1000 to N/lfiOO potassium nitrate solutions. The suction pressure measured on 
the fifteenth day was 2’5 atm*. at the root apex and 3 6 atms. at the root base. 

Table XV. 

The, suction 'pressure of the roots of seedlings 23 days old. 

1 Strength 3" the S. P. at the S. P. at the 

l A a external root apex root base 

kNO, solution in atms.. in atms. 

solution * tl a tms» 


11 th March 1930 . 


13th „ 1930 , 


0*376 Plants died * Plants died 


17th „ 1930 


5th April 1930 . 


1930 


31st March 1930 


6th April 1930 


N/1000 


11th May 1930 


N/1100 


5th „ 1930 


N/1200 


1930 . 


N/1300 


N/1400 


11th „ 1930 


N/1500 



O. V. 
of the 
external 
solution 
in a tins. 


S. P. at the 
leaf shea tli 
in aims. 


Plants died 


Table XYI. 

The suction pressure of the learns of the seedlings 23 days old. 


The following table gives the values of suction pressure in the leaves of 23 days 
old seedlings. The suction pressure measured on the 15th day was D'O atms. at the 
leaf base and 6‘2 atms. at the leaf apex. 
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The suction pressure shows a rise m N/1000 to JN/I200 KJn 0 3 solutions as was 
the case in the seedlings 15 days old. The value of suction pressure rises in the 
leaf sheath from 2'5 atms. to 3-6 atms. and in the leaf lamina from 3'6 atms. to 
4-95 atms. 

The difference in the values of the osmotic pressure and the suction pressure 
when treated with the ammonium sulphate and potassium nitrate are very striking. 
The differences in the values could be seeu at a glance from the following tables 
which give tli 3 values of osmotic pressures when treated with ammonium sulphate 


Date 


N/400 

N/500 

N/600 

N/700 

N/800 

H/900 

N/1000 


N/1100 


N/1200 


N/1300 


N/1400 


N/1500 


11th. March 1930 


5th April 1930 


31st March 1930 . 


6th April 1930 
11th May 1930 


11th „ 1930 
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side by side the corresponding values ol the osmotic pressure 



[II, il 

when treated with 


potassium nitrate. 


Table XVII. 

The comparison of ike osmotic pressures of the roots of seedlings grown m {NH t ) 2 SO, 

and KNO s solutions. 


if ■ . . ' 

!.; j ' 

,i > } : Strength of the 

J | solution 

,ij f f 

' J j i : ■' ■ ■ 

■ j i * i ■ 

Boot apex 

Boot base 

0. P. ‘with 
(NH 4 ) # 60 4 
in aims. 

0, P. with 

kno 3 

iii atms. 

0. P. with 
(NH 4 )*S0 4 

iii atms. 

0. P, with 

kno 3 

iii atms. 

ij ! [ ; . ; : : . ■ ■ v 

of ' N/100 . 

: ' t N/200 . 

'! ' N/300 . 

. N/4O0 . 

)| i \ ■ N/500 ... 

j N/600 . . • • 

i ! * N/700 . • • • 

i N/800 ... * 

: , i . N/900 . 

3*60 

5*70 

6*20 

4*95 

2*50 

3*60 

3*20 

2*50 

2*50 

2*00 

2*00 

2*50 

2*50 

2*50 

2*50 

2*50 

2*50 

2*50 

4*95 

7*50 

8*80 

7*00 

3*60 

4*95 

4*95 

2*50 

2*50 

2*50 

2*50 

3*60 

2’50 

2*50 

2 50 

2*50 

2*50 

2*00 

;j j 


Table XVIII. 

The comparison of the osmotic pressures of the leaves of seedlings grown tn (A 7 /I 4 ) 2 6'0 4 

and KNO s solutions. 



Leaf sheath 

Leaf apex 

Strength of the 
solution 

0. P. with 

(NSW 2 S0 4 

in atms. 

0. P. with 

kno 3 

in atms. 

0. P. with 
(NH 4 ) .JS0 4 
in atms. 

0. P. with 

kno 3 

in atms. 

N/100 . 

6*20 

3*60 

11*10 

4*95 

8*80 

3*60 

10*10 

4*95 

N/200 o 

. TkT mAA * 

11*50 

3*60 

13-90 

4*95 

N/300 • 

N/400 . 

N/500 . 

N/600 

N/700 • • 

N/800 . 

N/900 . 

8*80 

3*60 

11*90 

4*95 

5*65 

3*60 

7*00 

4*95 

6*20 

2*50 

7*50 

4*95 

4*95 

4*95 

7*50 

6*20 

3*60 

2*50 

4*95 

3*60 

2*50 

2*50 

3*60 

2*50 


The differences in the values of osmotic pressure in roots when supplied with 
nitrogen in the fo rm of ammonium sulphate and potassium nitrate aie evident. In 
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the ammonium sulphate solution the osmotic pressure rises from 3*6 atms. to 6*2 
aims, from 3ST/100 to N/300, while the value of osmotic pressure remains steady in 
N/100 to N/300 potassium nitrate solutions. In the lowest concentration, of the 
solutions of each, the values of osmotic pressure are the same. In the root base 
the osmotic pressure rises from 4*95 atms. to 8*8 atms. in N/100 to N/300 ammonium 
sulphate solutions, while the values of the osmotic pressure in the corresponding 
solutions of potassium nitrate are 2*5 atms. to 3*6 atms. The values of the osmotic 
pressure in the lowest concentrations of both are the same. 

In the leaf sheath the osmotic pressure rises from 6*2 atms. to 11*5 atms. from 
N/100 to N/300 ammonium sulphate solutions while it is 3*6 atms. in the correspond- 
ing solutions of potassium nitrate. The osmotic pressure at the end of the series. Is 
2*5 atms. in both. 

At the leaf apex the osmotic pressure rises from 111 atms. to 15*9 atms., while 
it is 4*95 atms. in N/100 to N/300 solutions of each. In the lowest strengths of both 
the osmotic pressure is 3*6 atms. in (NH^SC^ and 2*5 atms. in KNO s solutions. 

The following table gives the values of suction pressure in the solutions of the 
two salts in different concentrations in the roots and leaves of fifteen days old 
seedlings. 

Table XIX. 

The comparison of suction pressures of (he roots of seedlings grown in (NHf) z SO^ 

and KNO z solutions . 





Hoot apes 

Root base 

Strength of the solution 


S. P. with 
(NH 4 ) 2 SG 4 
in aims. 

S. P. with 

kno 3 

in atms. 

S. P. with 
(NH 4 ) 2 S() 4 
in atms. 

S. P. with 
KNO s 
in atms. 

N/100 

• 


1*3 

1*0 

2*50 

1*3 

N/200 



3’6 

1*0 

4*05 

1*0 

N/300 

« ■ 


3*6 

1*0 

4*05 

2*5 

N/400 

• • 


3*0 

1*0 

4*95 

1*0 

N/500 

• ® 


1*3 

1*0 

2*50 

1*0 

N/600 



3*2 

1*3 

3*60 

2*5 

N/700 

* * 


2*5 

1-3 

3*60 

3*6 

N/8Q0 

« * 

• 

1*3 

1*3 

1*30 

2*0 

N/900 

« • 


1*3 

1*3 

1*30 

2*0 
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Table XX. 

The comparison of suction pressures of the leaves oj seedlings gioivn 

and KNO 3 solutions. 


Leaf sheath 


S. P. with 
KNO s 
in at ms. 


S. P. with 
IvKO s 
in aims. 


S. P. with 
(NH 4 ),SO, 
in aims. 


Strength of the solution 


n/ioo »•» 

N/200 '‘ 50 l 

moo ..... 2^0 olfio 

N/400 ;.§o 

US : : : : : • 

jgS • : : : *3 *8 

The same type of differences in the values of suction 
leaves in the corresponding solutions of ammonium sul 
nitrate as are observed in the values of osmotic pressure are 
The chemical analysis of the different solutions of ar 
potassium nitrate shows that the absorption of ions is 
osmotic and suction pressures of the roots and leaves. The 
of a salt, the greater is the rise in the two pressures in the i 
of ammonium and sulphate ions decreases, as the concent 
decreases from N/200 to N/900. The decreased ahsorptio: 


Strength of the solution 


* Analyses were made by Mr. T. J. Malkani, 


Amount of 

Amount of 

S. P. at 

S. P. at 

NH/ 

so/ 

the 

the 

absorbed 

absorbed 

root base 

root apex 

in grm s . 

in grms. 

in aims. 

in aims. 

0 0503 

0*0191 

4*95 

3*60 

0-0446 

0*0180 

4*95 

3-00 

0-0244 

0*0138 

4*95 

3-00 

0*0160 

0*0116 

2*50 

1-30 

0-0115 

0*0090 

3*60 

3-20 

0-0092 

0*0088 

3*60 

2-SO 

0-0055 

0*0085 

1*30 

1-30 

0-0045 

0*0084 

1*30 

1-30 
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Similarly potassium nitrate is very little absorbed during the early stages 
and very little change is noticed in the osmotic and suction pressures of plants 
kept in different concentrations of the potassium nitrate solution. 

Table XXII. 

The quantities of K' and NOf ions absorbed* from different solutions of EN0 3 and the 
suction pressures of the roots of seedlings grown in them . 


Strength of the solution 

Amount of 

K* 

absorbed 
in grins. 

Amount of 

absorbed 
in grins. 

S. P. at 
the 

root base 
in aims. 

S. P. at 
the 

root apex 
iu aims* 

N/1000 

0*0075 

0*0047 

2*0 

1*30 

N/1100 

0*0074 

0*0045 

2*5 

1*00 

N/120O 

0*0074 

o*oo4:i 

2*5 

1*30 

N/1300 

0*0071 

0*0040 

2*0 

1*30 

N/1400 ..... 

0*0060 

0*0039 

2*0 

1*30 

N/1500 ..... 

0*0065 

0*0036 

2*5 

1*30 


As the quantities of different ions absorbed from the solutions of KNO s of 
different strengths are nearly the same, there are no wide differences in the suction 
pressures observed. 

Similarly it is definitely proved by Mr. Malkani, that N0 3 ' ions are not 
absorbed by the rice seedlings in the early stages of growth from solutions of 
potassium nitrate of higher concentrations. These results will be published later 
in a separate paper. 

The effect on the suction and osmotic pressures of the roots and leaves of the 
rice se edling s is determined, so far, by water culture experiments. It would be of 
interest to investigate if the same effects are produced on the osmotic and suction 
pressures of the rice seedlings grown in pots, even though the conditions in the 
soil are more complicated than those which are met with in water cultures. It 
was undertaken to see if a similar rise in the two pressures of the plant organs is 
noticed, when the rice seedlings are treated with solutions of ammonium sulphate. 
It was necessary to take uniform samples of soil in a set of pots to avoid compli- 
cations arising out of the differences in the manurial constituents of the soil. 
Bice see dling s were raised in pots and on the seventh day the osmotic and suction 
pressures of the seedlings were measured. Then two pots were manured with 
N/200 ammonium sulphate solution. One pot was kept unmanured, and was 
watered with distilled water. Every subsequent day, all the pots were watered 
with distilled water. The osmotic and suction pressures of the roots and of 
leaves of the seedlings of manured and unmanured po ts were measured on the 8th, 

* Analyses were made by Mr* T. J. Malkani, 
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9th and 10th day after sowing. The following tables give the results of these 
determinations. 

Table XXIII. 

The osmotic pressure of the roots and leaves of rice seedlings unmanured and 

manured with NI200 (NHfj^SO^ 


Table XXIY* 

The suction pressure of the roots and haves of rice seedlings 'unmanured and 

manured with N/200 (NH fl ? S0 4 . 


Manured 
in atma 


Unmanured 
in aims. 


Day 

Root apes 

Root has© 

Unmanured 
in atrns. 

Manured 
in aims. 

Unmanured 
in atms* 

Manured 
in aims* 

8 th day . 

a • 

a ' a 

3*6 

4*4 

4*4 

5*5 

9th day 

a 

- 

2-5 

4*4 

3*6 

5*0 

10th day . 

a 

* . • 

2*5 

4*4 

3*6 

' 5*0 




Leaf base 

Leaf apex 

8th day 

i e « 

, 

6*2 

6*2 

6*2 

6*2 

9th, day . 

. 

a 

| 6*4 

7*0 

6*2 

7*5 

10th. day . 

a 

. 

5*4 

7*5 

6*2 

7*5 


Root apex 

Unmanured 
in at ms. 

Manured 
in aims. 

2*0 

2*5 

2*0 

3*1 

2*0 

3*1 

Leaf base 

3*0 

5*0 

3*6 

6*2 

3*6 

6*2 
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J The differences in the osmotic and suction pressures of the roots and. leaves 

of the unmanured and manured seedlings are obvious. 

Similarly the rice seedlings were manured with N/SOO ammonium sulphate 

and osmotic and suction pressures measured. 

'f Table XXV. 

S The osmotic pressure of the roots and learns of rice seedlings unmarmred and manured 

? ' ‘ with NjSOO (Nff^SO^ 

I ■ ■ ■ ■ ■ - 

Day 

Root apex 

Boot base 

Unmanured 
in aims. 

Manured j 
in aims. j 

Unmanured 
in alms. 

Manured 
in atms. 

8th day . . 

9th day . . . 

10th day 

( j ' 8th day . 

• 9th day . 

10th day 

3*1 

2*2 

2*5 

3*1 

5*0 

5*0 

■ . ! 

3*6 

2*5 

3*6 

3*6 

5*0 

5*0 

Leaf base 

Leaf apex 

3*6 

2*5 

3*6 

3*6 

5*6 

6*2 

5*0 

3*6 

5*0 

5*0 

7*5 

7*0 

Table XXVI. 

The 'motion pressure of the roots and leaves of rice seedlings unmanured and manured 

with N/300 (NHi) t 80 t . 

Day 

Root apex 

Boot base 

(Jnmanured 
in atme. 

Manured 
in aims. 

Unmanured 
in atms. 

Manured 
in atms. 

8th day . 

'i| 9th day 

f 10th day . 

2*0 

2*0 

2*0 

2*0 

3*6 

3*1 

2*5 

3*1 

2*5 

2*5 

4*4 

3*6 

Leaf base 

i 

Leaf apex 

i 


8th day 
9th day 
10th day 


3*1 

3*6 

3*1 


2*5 

5*0 

5*0 


3*6 

5*0 

3*6 


3*6 

5*6 

5*6 
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The results clearly indicate the rise in osmotic and suction pressures t 

seedlings manured with ammonium sulphate. . 

Similar experiments with KNO, manuring could not he tried as the s 

very probably contain some nitrates and it would not be possible to con 
osmotic and suction pressures of the unmanured and manured plants, the 

was thought necessary to repeat these experiments with nee seedlings raise. 
Again, the rise in osmotic pressure in soil may be also due to othpr chan 
exchange of bases, or changes in the hydrogen-ion concentration of the 
ewJ with ammonium sulphate. So attempts were made to grow se 


Root base 


Manured 

with 

(NH 4 ' 2 S0 4 


Manured 

with 

kno 3 


Manured 

with 

(NH 4 ) 2 S0 4 


Manured 
with KNO : 


Unmanured 


Un manured 


Osmotic pressure in atms. 


Suction pressure in atms. 


3*6 

5*0 

2*5 

2*5 

3*6 

5*0 

2*5 

3*1 

4*4 

6*0 

3*3 

' 3*6 
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The differences in the osmotic and suction pressures of the roots and leaves of 
unmanured seedlings and seedlings manured with KNO3 are very slight. There is an 
increase of about 0*5 aims, in the two pressures in seedlings manured with KN0 3 , 
while the differences in osmotic and suction pressures of the rice seedlings manured 
with (N*H 4 ) 2 SO, and unmanured seedlings are quite appreciable. 

It was then undertaken to study the effect of calcium and potassium on the 
osmotic and suction pressures of the rice seedlings, as it is known from the investi- 
gations of the earlier workers that these elements are absorbed, by the rice plant. 
The solutions of calcium, and potassium sulphates of different concentrations were 
prepared and the rice seedlings grown in beds of saw- dust were kept in these 
solutions. The osmotic and auction pressures of the roots and leaves were measured 
before putting them in these solutions. The seedlings were kept in these solutions 
for 6 to 7 days and the osmotic and suction pressures were determined. 

Table XXVIII. 

The osmotic and suction pressures of the rice seedlings -in solutions of sulphates of 

calcium and potassium . 


0. V. of the 

O. P. at the 

O. P. at the 

S. P. at the 

S. P. at the 

solution 

root base 

leaf apex 

root base 

leaf apex 

in atm a. 

in aims. 

in atins. 

in aims. 

in aims. 


Bate 4th July to Ilth July 1930 



Seedlings from garden soil 


0*020 

5*12 

10*35 

1*7 

6*35 

0-020 

3*80 

8*98 

1*4 

5*18 


Date 11th July to 18th July 1930 



Seedlings from pots 


0*030 

5*02 

7*65 

1*7 

5*78 

0*030 

3*80 

6-60 

1*5 

4*20 


Date 8th July to 24th July 1930 



Transplanted seedlings from the beds 


0*020 

6*35 

14*70 

3*8 

10*35 

0*020 

4*20 

12*96 

2-49 

9*98 

0*010 

5*78 

13-05 

4-20 

10*90 

0*010 

4*20 

12*96 

3*20 

8*98 
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and leaves of the rice seedlings of different stages of growth are higher in the 
solutions of calcium sulphate than in the solutions of potassium sulphate. It was 
also determined by chemical analysis that calcium sulphate was absorbed in greater 
quantity than potassium sulphate. D 


m 

\ 





S. P. at the 
leaf apex 
in atms. 


S. P. at the 
root base 
in atms. 


O. P. at the 
leaf apex 
in atms. 


0. P. at the 
root base 
in atms. 


14 th August 1930— Before putting the plants 
in culture sol. 

21st August 1930— After putting (1) the 
plants in culture sob „ 

21st August 1930— After putting (II) the 
plants in culture sol. 

21st August 1930— Plants in the soil after 
a week. 


the culture 


The osmotic and suction pressures dont 
solutions. 

Culture solutions were also prepared in wl 
by ammonium sulphate and also culture soluti 
omitted. 

Table XXX. ^ 

The osmotic and suction pressures of t he rice plants in different culture solutions. 

S. p. at the 
leaf apex 
in atms. 


S. P. at the 
root base 
in atms. 


O. P. at the 
leaf apex 
in atms. 


0. P. at the 
root base 
in atms. 


Before putting the plants in culture sol. 

20th August 1930— In culture sol. with 
(NH 4 ) 2 S0 4 in place of KNO a for one week. 

22nd August 1930— In culture sol. with 
(NH 4 ) 2 S0 4 in place of KN0 3 for 9 days. 

22nd August 1930 — In culture sol. with no 
nitrogen for one week. 

29th August 1930— In culture sol. without 
calcium, 

29fch August 1930 — In culture sol. without 
iron. 
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It could be seen that omission of calcium, nitrogen and iron has a visible effect 
on the osmotic and suction pressures of roots and leaves. The nitrogen in the form 
of ammonium sulphate raises the osmotic and suction pressures of the rice plants in 
comparison to the pressures in the plant organs in the normal culture solution con- 
taining nitrate nitrogen. 

All these results described above support the idea than the absorption of the ions 
increases the osmotic and suction pressures of plants and the omission of the useful, 
ions from the culture solutions results in small depressions of the osmotic and 
suction pressures of the roots and leaves. 

The above-mentioned experiments on the rice plant clearly show the effect on 
the suction and osmotic pressures of the roots and leaves of ions winch are absorbed 
by the plants. The effect of ammonium sulphate is clearly visible, as there is a rise 
in the two pressures. The same is true of other necessary ions absorbed by the rice 
plant. 

It was undertaken to find out if the osmotic and suction pressures of the roots 
and leaves of other plants were similarly affected by the absorption of ions. If the 
osmotic and suction pressures rise on account of the absorption of some ions of a salt 
and no such rise of the two pressures is observed when plants are treated with other 
salts, it would be possible to determine the salts absorbed by the plants by this 
method, instead of the current method of making the chemical analysis of the plant. 

These experiments could not be carried out by ordinary pot culture method, as 
the soil may contain all the necessary elements in adequate quantities and the 
addition of a salt that is absorbed by a plant may not cause a rise in the osmotic and 
suction pressures. 

In performing these experiments by water culture methods, there are difficulties. 
When plants are treated with a solution of any one salt the osmotic and suction 
pressures of the plant may show a fall as compared to the pressures existing in the 
plants in the soil or to the pressures in the plants in the culture solutions before it is 
transferred to a single salt solution even though the salt is absorbed. To overcome 
this difficulty, it is necessary to compare the osmotic and suction pressures of the 
roots or leaves of a plant in solutions of two or three salts used singly at a time. 
The values of osmotic and suction pressures will be higher in the solutions of that 
salt which is more absorbed than the other two. 

Tmdemmtia zebrina, Hort. is selected for the experiments as it is a plant which 
can be readily grown in culture solutions. The suction pressure of the leaves was 
determined before the plants were transferred to the culture solutions. The suction 
pressure of the leaves was then determined at short intervals after it was kept in the 
culture solutions. After the suction pressure of the leaves became steady the plants 
were kept in the solutions of potassium nitrate, potassium sulphate, ammonium 
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sulphate, ammonium nitrate and culture solution containing no potassium, and 
culture solution without potassium and nitrogen together. The osmotic value of 
each salt solution was calculated before the plants were kept m them. 

Table XXXI. 


Solution 


Culture 
N/100 KNO s 
N/200 KNO, 

N/100 K*SO* 

N/200 KiSO* 

N/200 (NH 4 ) 2 SO* 
N/200 NH 4 NO* . 
Culture without K 
Culture without 381 & N 
Culture 


solution 
in aims. 


0*0546 

0*376 

0*18S 

0*516 

0*258 

0*264 

0*148 

0-057 

0-0171 

0*0546 


8 . P. before 
transfer 
in atms. 

S. P. 

after 

4 days 
in 

atms. 

S. P. 

after 
21 days 
In 

atms. 

S. P. 
after 
28 days 
in * 
atms. 

S. P. 
after 
37 days 
in 

atms. 

S. P. 

after 
50 days 
in 

atms. 

2-4 

3-05 

3-05 

3-05 

2*40 

2-40 

2*4 

3*05 

3*05 

3*05 

2*40 

2*40 

2*4 

2-40 

3-05 

3-05 

2*40 

2*40 

2*4 

2*40 

1*85 

1*85 

1*85 

1*85 

2*4 

1*85 | 

1*85 

1*85 

1*10 

1*10 

2*4 

2*70 

2*40 

2*40 

2*40 

2*40 

2*4 

1*85 

1*10 

1*10 

1*10 

1*10 

2*4 

1*85 

1*85 

1*10 

•* 


2*4 

1*85 

1*10 

1*10 


* r 

2*4 

3*03 

3*05 

3*05 

2*40 

2*40 


j n ordinary culture solution the suction pressure in the leaves rises to 3 '05 atms. 
after a few davs and it remains the same for 28 days, after which the suction pressure 
falls to its original value. If the plants are kept in fresh culture solutions, the 
suction pressure shows the same rise and fall. When the plants are transferred to 
KNO a solution of N/100 concentration, the suction pressure again rises to 3 '05 atms. 
after a few days and shows the same changes as in culture solution.. In N/200 
KN0 3 the rise in suction pressure is not observed on the fourth day, hut is seen later. 
In N/100 K 2 S0 4 solution the suction pressure goes down to T85 atms. and in N/200 
K 2 SG 4 it goes down to 1*1 atms. In ammonium sulphate solution the suction 
pressure suffers no change, while in ammonium nitrate it goes down to 1*1 atms. 
The effect of omission of potassium and potassium and nitrogen together from the 
culture solution is quite apparent by the sudden fall in the suction pressure. 

The rise and fall in the suction pressure of the leaves are, so far as the above 
results show, independent of the osmotic values of the solution outside. Though the 
osmotic value of N/100 KN0 3 solution is about seven times greater than the osmotic 
value of the culture solution, the changes in the suction pressure of leaves are the 
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same in both eases. The osmotic values of N/200 K 2 S0 4 and N/200 (NII 4 ) 2 S0 4 are 
the same, but the suction pressure of the leaves of the plants in the two solutions are 
different. 

The above conclusions hold good when the two. external solutions containing 
different salts of the same osmotic values are taken for comparison. They do not 
hold good for solutions of the same salt like $1/100 and $1/200 K 2 S0 4 for the differ- 
ences in the concentration of the same salt will have different effects on the suction 
pressures of the plant. 

The suction pressures of the leaves rises in solutions containing nitrates except 
ammonium nitrate, but the rise remains constant for about 28 days after which there 
is a fall. There is a fall in the suction pressure in the solutions in which nitrate ion 
is absent. Similarly the potassium ion is absorbed by the plant, as the suction 
pressure falls in culture solution from which potassium is omitted. It is evident 
from the results that potassium and nitrogen are absorbed as the suction pressure of 
the leaves shows a definite rise for a short period. In the case of other salts there is 
a gradual fall in the suction pressure, which is probably caused by absorption of 
water which is not accompanied by absorption of a salt in solution in adequate 
quantities. 

Similar experiments were tried with the maize seedlings. The maize seedlings 
about fifteen days old were transferred to culture solution and later to solutions of 
ammonium sulphate, potassium sulphate and to culture solution containing 
ammonium sulphate in place of potassium nitrate. The measurements of the suction 
pressure of the roots were made at short intervals. 

Table XXXII. 

The suction pressure of the roots of Zea Mays L. in different solutions . 


Solution 


Culture with KNO s . 

Culture with 

(NH 4 ) 2 S0 4 

Culture 

(NH 4 ) no, 

N/IOOKNOa . 


S. P. S. P. 
after after 

10 days 14 days 
in in 

a tins. aims. 
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The suction pressure of the roots rises, on the 4th clay in culture solution 
containing KNX) 3 and in TSj 100 KN0 3 solution. The rise is not maintained for a 
long time, as the suction pressure falls to 1*86 aims, on the 14th day. In other salt 
solutions the suction pressure of the roots has fallen. The results show that KN0 3 
raises the suction pressure of the roots for a short period and this rise in suction 
pressure indicates that the potassium is needed and absorbed by the maize seedlings 
which axe also well known facts. 

It was then undertaken to see the effect of nitrates other than EN0 3 on the 
suction pressures of the roots and leaves of the maize seedlings. The maize plants 
were kept in solutions of calcium nitrate and magnesium nitrate and the suction 
pressures of the roots and leaves were measured at short intervals. Side by side the 
effect of omission of KN0 3 (i.e., without K and N) from normal culture solution was 
also studied. The following table gives the results of the suction pressure of the 
roots of the maize plants. 

Table XXXIII. 


The suction pressure of the roots of the maize . 


Salt 

0, V. of 
solution 
in alias. 

S. P. 
before 
in aims. 

. 

S. P. 
after 

1 day 
in alms. 

S. P. 
after 

4 days 
in aims. 

8. P. after 

9 days 

Al aims. 

N/200 Ca(NO s ) 2 

0*214 

2*2 

2*2 

1*42 

Roots died 

N/500 Ca(N0 3 ) 2 

0*089 

2*2 

2*2 

1*42 

99 99 

N/1C00 Ca(N0 3 ) a . 

0*043 

i 

2*2 

2*2 

1*85 

JS> 99 

N/200 Mg(NO,) 2 . 

0*192 

2*2 

2*2 

1*42 

99 99 

N/500 Mg(NO . . . 

0*077 

2*2 

2*2 

2*40 

1*85 

N/'ICOO Mg(N0 3 / 2 . 

0*038 

2*2 

2*2 

2*70 

2*50 

Culture . . . 

0*055 

2*2 

2*2 

2*70 

2*70 

Culture without K & N 

0*017 

2*2 

2*2 

1*85 

Roots died 


The suction pressure falls on the 4th day in Ca(N0 3 ) 2 solutions of all strengths. 
It appears from the results that the ions are absorbed from N/1OQ0 Ca(X0 3 ) 2 , X/ 500 
and JNT/1000 Mg(hf0 3 ) 2 , as the suction pressure of the roots is higher in these dilute 
solutions than it is in stronger ones. In N/500 and N/1000 Mg(N0 3 ) 2 the suction 
pressure of the roots has slightly risen. 

In normal culture solution a rise in the suction pressure is again observed, while 
in the culture solution devoid of potassium and nitrogen, there is a distinct fall in 
the suction pressure of the roots. 
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The suction pressure, of the leaves of the maize plant shows similar rise and fall 
as in the roots. 

Table XXXIV. 


The suction pressure of the leaves of the maize plant . 


Salt 

0. V. of 
solution 
in alms. 

S. P. 
before in 
atms. 

S. P. 

after 1 day 
in atms. 

S. P. alter 

4 days 
in atms. 

S. P. after 1 1 

9 days j 1 

in atms. ) 1 

N/200 Ca(NO s ) 4 . 

. 

0*214 

3-05 ' 

3*05 

2-70 

Leaves died * j 

N/500’ Ca(NOa)* . 

. 

0*089 

3*05 

3*05 

2*70 

.#**'« 1 : 1 a 

N/1000 Ca(NO a ) a . 


0*043 

3*05 

3-05 

2*90 

*».*». ""'ll 

N/200 Mg(NO s ) s . 


0*192 

3*05 

3-05 

2*70 

»» t9 1 

N/500 Mg(NO,) a . 


0*077 

3*05 

3-05 

3*05 

2-00 j 

N/1000 Mg(N0 3 ) 2 . 


0*039 

3*05 

3-05 

3*05 

3-03 I 

Culture 


0*055 

3*05 

3-03 

3*20 

32° J 

Culture without K and N 


0*017 

3*05 

3-03 

2*70 

Leaves died § 


Here also there is a clear indication of a rise in suction pressure in normal 
culture solution, while there is a fall in the suction pressure, of the leaves in all 
Ca(N0 3 ), solutions, in N/200 Mg(N0 3 ) 2 solution and in culture solution devoid of 
potassium and nitrogen. In N/500 and N/1000 magnesium nitrate solutions the 
suction pressure remains the same on the fourth day. 

Conclusions. 

The osmotic pressure and suction pressure of the roots and leaves of the rice 
seedlings are higher than the osmotic values of the surrounding solutions. These 
results are not in accord with those obtained by Ursprung and Blum [1921] with 
Vicia fabo, L., where they find that the suction pressure of the roots becomes equal 
to the osmotic pressure of the external solutions. The divergence of the result- 
obtained here could easily be explained. Ursprung and Blum [1921] have used 
cane sugar solutions as an external medium in which the plants are kept. As cane- 
sugar is not permeable to the roots, the exchange of water only takes place between 
the external medium and the cells of the roots and the suction pressure of the roots 
becomes equal to the osmotic pressure of the solution, so that no more exchange o 
water in any direction occurs. This is in accordance with the physical phenomenon 
of osmosis. But in the case of solutions containing salts which are absorbed by toe 
roots, the suction pressure of the roots is also afiected by the endosmosis of the 
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ions. In ammonium sulphate solutions the osmotic and suction pressures of the 
roots and leaves were much higher than the osmotic, values of the ammonium sulphate 
solutions (Tables I to VIII). In potassium nitrate solutions the osmotic and suction 
pressures of the roots and leaves did not show any rise in 8 days and would have 
fallen, if the seedlings were kept for a long time, which was not possible as the seed- 
lings did not keep # healthy in these solutions for a longer period, (Tables IX to XVI). 

The results clearly show that the rise in the suction and osmotic pressures of 
the leaves and roots in ammonium sulphate solutions is due to the absorption of 
ammonium and sulphate ions as determined by the chemical analysis of the ammo- 
nium sulphate solutions after the seedlings had remained in them for eight days 
(Table XXI). The rise is greatest in N/300 (XH 4 ) 2 S0 4 solution. In KN0 3 solution 
there is no such rise observed in the osmotic and suction pressures of the roots and 
leaves, as it is found that very little of nitrate ion is absorbed by the rice seed- 
lines (Table XXII). 

The experiments with single salt solutions of different osmotic values of calcium 
sulphate and potassium sulphate show that the suction and osmotic pressures of 
the leaves and roots of the rice plants are higher in calcium sulphate solutions than 
in the solutions of potassium sulphate. It is probable that calcium sulphate is 
absorbed more than the potassium sulphate' during the early stages of growth before 
and just after transplantation (Table XXVIII). 

The suction and osmotic pressures of the leaves and roots of the rice plant in 
the soil are found to be the same as in normal culture solution. However, when the 
rice plants are kept in culture solution containing ammonium sulphate, the suction 
and osmotic pressures of the roots and leaves are higher than the suction and osmo- 
tic pressures of roots and leaves of plants in the normal culture solution (ie,, with 
nitrate nitrogen). The osmotic pressure of the leaves rose in 9 days from 12*96 
aims, to 18*5 atms. and the suction pressure went up to 12*96 atms. from 10*9 atms. 
The rise is clue to the plant absorbing ammoniacal nitrogen more than nitrate nitro- 
gen. The omission of nitrogen or calcium or iron from culture solutions are accom- 
panied by the absence of any rise in the two pressures (Table XXX). 

Experiments with other plants, performed to obtain support for the view that 
absorption of a salt is indicated by a rise in the suction and osmotic pressures of a 
plant, gave very confirmatory results. The plants selected were Tmdescanlia zehrina 
Hort. and Zea Mays L. as both are known to flourish in culture solutions. The 
suction pressure of the leaves of Tmdescanlia zehrina Hort. shows a rise in lour 
days in the normal culture solution (with potassium nitrate) and also in pure potas- 
sium nitrate solutions, remains constant for 3 or 4 weeks and then begins to fall 
(Table XXXI). The suction pressure of the leaves, on the contrary, begins to fall 
on the 4th day in the single salt solutions of potassium sulphate, ammonium sul- 
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phate. ammonium nitrate and in the culture solutions from winch cither poWun 
or potassium and nitrogen together are omitted (Tables XXXI ant * ' 

Tlie results show the importance of potassium nitrate for the growth o'^tie 
as it is absorbed more than other salts, as can be seen safely from the rise m the 
suction pressure. Similar results are obtained with maize seedlings. The suction 
pressure of the roots and leaves shows a rise in solutions of pcdassmmntote and 
in culture solutions containing potassium nitrate (Tables XX V III to AaAi v 

A careful study of the results shows that the rise or fall m suction pressure ot 
a plant is independent of the osmotic value of the external solution. This conclu- 
sion is opposite to that drawn by Ursprung and Blum [1921). The omotro values 
of the two solutions may be the same but the snetion pressure of the plants in the 
two solutions may bo quite different. This may be due to the difference m Jo 
amounts of the two salts absorbed from the solutions. The results ot Urspmng and 
"Rlnm HQ] 6 1 2 and 31 have been explained above. 

To summarize briefly the results of about seven hundred and fifty determinations 
m this investigation, the changes in the osmotic and suction pressures of a plant 
organ like the root or the leaf may give some indication of the salts absorb), by the 
plants, and consequently of the salt requirements of the plant, unless it be ia _ 

salt absorbed is not required by it. In the opinion of the authors, tins method 

determining salt requirements of a plant can be employed m preference tc _ 
lengthy method of chemical analysis of a plant at different stages of growt i 
can be safely concluded that by this method the most important of the salts absorbed 

by the plants can be determined by noticing the changes in the osmotic or suction 

pressures of the roots or the leaves of a plant. 

Summary. 

(1) In all the previous investigations dealing with the salt requirements of the 

rice plant, no attempt is made to determine the changes produced m the osmotic 
and suction pressures of the plants kept either in culture solutions of different com- 
positions or when treated with certain fertilizers m the soil. It was there ore con- 
Llered necessary to investigate the changes produced m the osmotic and suction 
pressures of the rice plant under different treatments. It would also be of interest 
to study the changes in the two pressures of the plant when it is treated with sa s 
which are either not absorbed in appreciable quantities during the life cycle 
certain stages of growth of tlie plant. . , 

(2) If the results of the investigation would show that there * S a nBe * ^ 

osmotic and suction pressures of the rice plant when treated with salts which are 
absorbed and if no such rise is noticed when the rice plant is treated with salts 
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which are not absorbed, it would be worth while to investigate if this method can 
be developed to determine the salt requirements of plants. 

(3) The effect on the osmotic and suction pressures of roots and leaves of the 
rice seedlings (Kolamba variety No. 42) of different stages of growth when treated 
with solutions of ammonium sulphate of concentrations varying from N/100 to 
N/900 is studied. Similarly the effect on the osmotic and suction pressures of the 
roots and leaves of the rice seedlings when kept in solutions of KN0 3 of concen- 
trations varying from N/100 to N/1500 is studied. The results of these experi- 
ments show that the osmotic and suction pressures of the roots and leaves of the 
rice seedlings in "ammonium sulphate solutions are generally higher than those of 
the same organs of the rice seedlings in KN0 3 solutions, except in solutions of 
(NH 4 ) 2 S0 4 of lowest strengths. There is also a big rise in the two pressures after 
the seedlings are transferred to (NH 4 ) 2 S0 4 of concentrations varying from N/100 to 
N/500, while no such rise is noticed in the corresponding solutions of KNO s . 

(4) The chemical analysis of the solutions, after the seedlings had remained in 
them for 8 days, shows that NH 4 * and SO/ ions are considerably absorbed, varying 
according to the concentrations of (NH 4 ) 2 S0 4 solutions, while N0 3 ' ions are absorbed 
in minute quantities from different solutions of KN0 3 . 

(5) Similar pot culture experiments both in garden soil and in pure sand show 
that there is a rise in the osmotic and suction pressures of the rice seedlings manured 
with (NH 4 ) 2 S0 4 solutions as compared with the unmanured seedlings, while very 
little rise is observed in the two pressures of the seedlings when manured with KNQ 3 . 

(6) The changes in the osmotic and suction pressures of the roots and leaves 
of the rice plant in single salt solutions of calcium sulphate and potassium sulphate 
are studied. The results show that the pressures are higher in calcium sulphate 
solutions than in potassium sulphate solutions. 

(7) The effect on the osmotic and suction pressures of the roots and leaves of 
the rice plants when treated with ammonium sulphate and potassium nitrate solu- 
tions in later stages of growth is studied with similar results as mentioned above. 

(8) The osmotic and suction pressures of the roots and leaves of the rice 
seedlings in normal culture solutions are first recorded. The changes in the two 
pressures are then studied in culture solutions from which potassium or potassium 
and nitrogen, or ammonium, or calcium is omitted. Distinct differences in the two 
pressures are observed. 

(9) Similar experiments with the roots and leaves of Tradescantia zebrina 
Sort, and Zea Mays L. are performed to see if any rise or fall in the osmotic and 
suction pressures is observed when a salt that is required by the plants is supplied 
or omitted. The results show a rise when the salt that is needed is added and a 
depression when it is omitted. 
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(10) The suggestion is put forward as a result of seven hundred and fifty 

determinations of the osmotic and suction pressures that the most essential of t e 

salts required by plants can he determined by changes in the osmotic and suction 
pressures of their roots and leaves. 
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( With Plates XIII — XV and one text-fig.) 

In 1923, Gerretsen, Grijns el al first reported that root nodules of leguminous 
plants yielded a bacteriophage which brought about the dissolution of the organisms 
of the root nodules. They worked on bacteriophages derived from the root 
nodules of clover, lupin and serradella. The bacteriophages they isolated brought 
about the dissolution of bacteria rather slowly, requiring about ten days at ordinary 
temperatures. The bacteriophages were reported to be specific in their action 
on the bacteria of the species of leguminous plants from which they were isolated ; 
the bacteriophage isolated from clover root nodules had no appreciable action on 
organisms from lupin or serradella and vice versa. 

After many unsuccessful attempts to confirm the results of the previous 
workers, Hitchner [1930] was able to isolate a bacteriolytic principle from red 
clover root nodules which was active only against one strain of the organisms 
isolated from red clover root nodules. In the course of his work numerous nodules 
taken at various ages from pea, bean, sweet clover, alfalfa, as well as from other 
red clover plants had been examined as to the presence of a lytic principle without 
success. 

The lack of uniformity in ' the details in the procedure for the isolation of 
these bacteriophages has been a great handicap in obtaining reproducible results 
and in comparing the investigations of different workers in this field. By intro- 
ducing some modifications in the procedure we have found a method which has 
given consistently reproducible results. The details of the method are given 
below : — 


p" v . 


Method of isolation of the bacteriophages. 

Ten to twelve nodules from tlie roots of plants three to eight weeks old were 
treated with 0’1 per cent. HgCl, solution for 10 minutes. The sterilized nodules 
were repeatedly washed with sterile water and were then crushed with a sterile 
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glass rod in Marmite Mannite Broth. The Marmite Mannite Broth contained 
the following ingredients 

Mannite . . . 2-1' gms. Marmite 1-0 gm. 

KjHPOi . . 0 5 gm. MgS0 4 0-2 „ 

KNO . » . 0*2 „ Water 1000 o.c. 

The reaction of the medium was adjusted to pH 7'8 and each test tube con- 
taining 10 c.c. of the medium received 0'1 gm. of CaC0 3 before sterilization at 
120°C. for 30 minutes. This medium has proved to be most suitable for the isolation 
of the bacteriophages in our experiments. A part of the emulsion of the crushed 
root nodules prepared as described above was plated for the isolation of pure 
strains of the nodule organisms. The remaining emulsion was incubated for 5 to 10 
days and filtered successively through two porcelain filter candles. The filtering 
apparatus was assembled as follows (Kg. 1.) : 



- -t-To the jtump. 


filter cmndl® e* 


Fig. 1. Ultrafiltration apparatus fully assembled. 

The Pasteur Chamberlaad filter candle was mounted in a test tube by rolling 

a narrow band of non-absorbent cotton about the glazed porcelain portion of the 
candle in such a manner that a plug was formed fitting firmly into the test tube. 
The apparatus was then sterilized by dry heat. For the filtration, the long s em 
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of a funnel was first inserted into a large rubbur stopper whicli fitted the neck of 
a filter flask, and then in another small rubber stopper below the larger one, the 
latter fitted tightly into the mouth of the sterilized filter candle. The fluid to be 
filtered was poured through a filter paper into the funnel and a moderate vacuum 
(20 c.c. M) established in the filter flask by a water pump. When the filtration 
was complete, the large stopper was removed, bringing with it the candle in the 
glass test tube. The filter candle with the cotton plug were removed and a sterile 
cotton plug was inserted after passing the mouth of the tube containing the 
filtrate through a gas flame, to prevent outside contamination. The filter candles 
and the funnel with the two corks were heated for 30 minutes in a large volume 
of distilled water immediately after being used for filtration. If the filter candles 
were allowed to dry before being boiled the pores were found to be blocked and 
filtration through such filter candles took a very long time. After boiling, the 
filter candles were dried in an oven at 100°C. and remounted as before for further 


Filtrates were often found to give bacterial growth. This is presumed to be 
due to the fact that bacteroids that could pass through the filter candle were 
present in the nodules and specially in cultures with bacteriophages. Pasteur 
Chamberland filter candles of porosity ranging from L7 to LI 3 were tried with a 
view to excluding the organisms which found their way in the filtrate hut in many 
cases the filtrate was not found to he absolutely free from the bacteroids of the nodule 
organisms. The age of the culture which was being filtered had a marked effect 
on the number of organisms passing through. As a general rule the number of 
organisms, found in the filtrate, diminished as the culture grew older. Though the 
filtrates were not sterile, outside contamination never occurred. 

Two drops of the filtrate were added to one batch of tubes seeded with six 
strains of the corresponding nodule organisms immediately after inoculation ; a 
second hatch of seeded tubes was allowed to become cloudy and the same amount 
of the filtrate was then added on the following day, a third batch of seeded tubes 
was kept as controls. In the beginning the tubes receiving the filtrate did not 
show any clearing, but sometimes were more turbid than the control tubes. The 
former were filtered again after five days even when no clearing was apparent, and 


this second filtrate was again added to three series of tubes as in the first instance. 


The serial transfers were continued in this way till some sign of dissolution of 
bacteria was seen by a difference in cloudiness of tubes in the different hatches. 
The first sign of the presence of the bacteriophages was observed in tubes receiving 
the filtrate simultaneously with the organisms. Twenty-four hours after the in- 
oculation of the bacteriophage and the organisms, there was only slight flocculent 
irowth as compared to the growth in the control tubes. Further clearing of the 
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cloudy tubes took place in 48 to 72 hours. The tubes in which the filtrate was 
added subsequent to one day’s growth of the organisms cleared only when the 
bacteriophage was of sufficiently high virulence. The contents of completely dear 
or slightly turbid tubes were filtered at the end of five days. The serial transfers 
were then carried out decreasing the amount of filtrate added each time till one 
loopful (*01 c.c.) completely inhibited the growth when simultaneously inoculated 
with the organisms in 24 hours. At this stage the tubes receiving the filtrate 
subsequent to 24 hours’ growth of the organisms showed more or less complete 
clearing. Sometimes it was observed that one or more strains out of the six 
selected were more easily dissolved than the others, in which case the virulence of 
the bacteriophage was enhanced at the expense of these strains. 

Using the above technique the lytic principles from root nodules of various 
plants were isolated and a few studied. The initial virulences of the bacteriophages 
occurring in different plants for the corresponding organisms were different, since 
the number of serial transfers which were required to show distinctly a definite 
presence of the bacteriophage varied in different plants. The bacteriophage isolated 
from Trifolium root nodules showed its presence after two transfers while that from 
Lalhynis showed it after ten serial transfers. 

The effect of basal medium on virulence. 

DTierelle [1926] has pointed out that while the Interior of the bacterial cells 
is the true and sole medium for the multiplication of the bacteriophage, the medium 
in which the organisms are suspended also plays an important role. The importance 
of the selection of this basal medium for isolation as well as for the enhancement 
of virulence was neglected by previous workers. Hitchner [1930] failed to enhance 
the virulence of the bacteriolytic principle isolated by him beyond 1 X 10- 5 . He 
suggested that the inability to enhance the virulence further was due to the pro- 
bable loss in filtration or inherent resistance of the homologous strain and no 
attempt was made by him to enhance the virulence of the phage by change of 
medium. In our experiments also it was not possible to enhance the virulence 
of the bacteriophage beyond 1 X 10- 4 by using the yeast Infusion broth according 
to Hitchner ’s formula. An addition of 0*2 per cent, mannite to Hitchnei s broth 
helped to enhance the virulence to Ixl0- G and after a few more passages in the 
yeast infusion broth with 0*5 per cent, mannite the virulence was found to have 
been increased to 1 X 10- 8 . The experiments definitely showed that most probably 
Hitchner failed to enhance the virulence of the bacteriolytic principle because of 
the unsuitability of the medium used by him. 

D’Herelle [1926] has pointed out that as a general rule the most favourable 
medium for the action of the bacteriophage to proceed most perfectly should have a 
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composition best suited to the development of the particular bacterial type selected 
to undergo dissolution. Joshi [1920] while comparing various media for the growth 
of nodule organisms, found that soil extract mannite was the best medium., for it 
gave better growth than soil extract maltose, synthetic agar or levulose agar and 
other sugar media employed by various previous workers. Among sugars mannite 
and sucrose seemed to give a consistently good growth of the organisms, while 
lactose gave the least growth. But the growth factor was not the only one to be 
considered while selecting a suitable medium for work on the bacteriophages of these 
organisms. The production of slime by the organisms was a very important factor 
to be considered, since this might make it difficult for the bacteriophage to attack 
the organisms ; a medium which retarded the production of slime by the organisms 
was therefore considered necessary. The addition of small amounts of KN0 3 , 
(NH 4 ) 2 S0 4 or other easily assimilable forms of available nitogen in the medium has 
been found to decrease slime production. The amount and kind of sugar in the 
medium also affects slime production as well as the change of the reaction of the 
medium. 

In the early stages it was realised that the media suitable for isolation 
were unsuitable for the enhancement of virulence of the bacteriophage to a 
maximum point and also that the media used for the enhancement of virulence 
were unsuited for the isolation of the bacteriophage, especially if it was of a very 
weak virulence. It was necessary to use two media, viz., one with no sugar, or only 
a very small amount for isolation, and for the enhancement of the virulence of 
the isolated bacteriophages, another medium containing 0*5 per cent, sugar. 
Small amounts of other constituents of the medium such as KN0 3 or (NH 4 ) 2 S0 4 , 
which helped in isolation were found adverse to the enhancement of virulence. 

A number of media were therefore made with varying composition to see the 
effect of different constituents on the bacteriophage and to find the composition 
of the medium that would give maximum enhancement of virulence. A statement 
showing the enhancement of virulence of the three different bacteriophages in 
different media after five successive passages is given in Table I. 

Table L 

Virulence of bacteriophages attained after 5 passages . ' 







Medium 





Bacterio- 

phages 

Initial 

virulence 

B 

0 

D 

E 

F 

G 

H ' 

l 

Trifolium , 
a lex. j 

ixiO' B lx Hr 3 

1 X 10" 5 

lx 10- 7 

lx nr 6 

lXl(T 8 

lxlO" 6 ; 

1XX0~ 3 

lxio 7 

1 X 10" 8 

Lathy rus, j 

ixiO' 6 , i x 10' 3 j 

i x nr s 

XXKT 7 

IX 10'° 

ixiO' 8 

lxio' 6 ! 

1 X 10' 3 

i x icr 7 

1 x ur» 

1/u Oi * 

Dolichos, 
Lablah. ! 

lxio ' 7 ix io'* 

i X nr 7 

IX 10 8 

<5 

b 

X 

lx nr 10 

1 X 10' 6 

IX 

ixur» 

1 Xl0" s 


STUDIES ON BACTERIOPHAGES OF ROOT NODUDE ORGANISMS 


143 


The description of the media Is given below ; — 


Medium 

A 

Medium 

B= 

Medium A-f0*2 per cent, mannite 

Composition 
K^HPO* . 

0*5 gm. 

9t 

C=* 

„ A-f 0*5 per cent. „ 

MgSO, 

0-2 „ 

<n 

D* 

A per cent. „ 

KN0 3 or 
(NH 4 ) t S0 4 

0*2 „ 

ft 

E= 

„ O — -without KNO a or (MH 4 ) a S0 4 . 


i . 


F= 

Marmite replaced by clover extract made by extracting 250 gms. 
clover plants with. 500 e. e. of water. 100 c. c. of the 
extract used for I litre of the medium. 

Marmite * 

DO * , 

it 

G~ 

Ashby’s mannite broth. 

Water • 

1000 cc 

it 

H= 

Medium E with mannite replaced by sucrose. 

- 

- 

tt 

1= 

Medium E with mannite replaced by lactose. 


To see what effect the reaction of the medium had on the action of the 
bacteriophage, medium E which gave the highest enhancement in the last experi- 
ment was chosen and the enhancement of virulence of the bacteriophage was 
observed by adjusting it to different hydrogen ion concentrations. The results are 
set forth in Table II 

Table II. 




Virulences after two passages in medium E at different H' concentration . 


Bacteriophages. 

Initial 

virulence 

pH TO 

pH 7*4 

pH 7*6 

pH 7*8 

pH 8*0 

* pH 8*2 

I 

; pH 8*4 

pH 8*6 

Trifolium Alexandria- 

1X1Q- S 

ixi<r 6 

1XI0“ 6 

1XI0“ 8 

ixio* 8 

1 xlCr 8 

IXKT 8 

lxl0“« 

1x10”* 

num 










Lathyrus Odoratus 

b 

X 

I X 30" s 

ixio-« 

1X30" 8 

IXIO' 8 

lxicr« 

ixio 8 

1x10 8 

1X10-* 

Dolichos , Lalbah 

ixio" 10 

X 

© 

. I X 10" 7 

lxio-w 

ixio- 8 

lxl0" 10 

ixi<n» 

ixio 8 

ixio- 5 


The results show that the reaction best suited for the action of the bacterio- 
phage was between pH 7*6 and pH 8*2. 

The temperature best suited for bacteriophagy was found to be 30°C. At the 
higher temperature of 37°0. the baeteriophaged cultures showed a speedy develop- 
ment of secondary cultures while at temperatures below 30°C. the time t aken by the 
bacteriophage to dissolve the suspensions of the organisms was much greater than 
that at 30°C. 

E 
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Lysis on the solid media. 

(a) Plaque formations In 1923 Gerretseii and Sohngen and Grijns reported 
independently of each other, that the bacteriophages exerting a lytic action against 
11 Rmlicicola occurred in the root nodules of Leguminoseae. They had, however, 
failed to obtain characteristic plaque formation which test only could establish that 
the lytic agent was' a true bacteriophage, for there are some lytic agents, that 
inhibit the growth of organisms without being true bacteriophages. A few years 
later Grijns [1927] was able to obtain very minute plaques on meat extract sucrose 
agar with the lytic principle of clover nodule organisms, thus establishing the true 
bacteriophagic nature of the lytic principle. Hitchner [1930] was unable to verify 
the work of Grijns with the lytic principle isolated by him and all Ms attempts to 
produce lysis on solid media were unsuccessful Thus in the attempts of previous 
workers to find the nature of the lytic principle the formation of plaques was an 
exception rather than a rule so far as. the lytic principles of the root nodule 
organisms of leguminous plants were concerned. Working with the lytic principles 
isolated from the roots of Trifolium ciitexcmdrianam , Lathyrm odoralus , Dohchos 
Lablah and others at Pusa. the formation of plaques has been invariably observed 
except with bacteriophages of very weak virulence. The production of lysis on 
solid media was found to be quite regular. The medium usually employed was 
medium JE with 2 per cent. agar. To demonstrate the plaques, the active filtrate 
w r as diluted according to its virulence and mixed with a heavy suspension of the 
corresponding organisms. This was spread on a poured agar petri dish. The 
plate was then incubated at 30°C. The formation of plaques was quite distinctly 
visible after twenty-four hours. Two types of plaques were obtained in the course 
of our investigation. One type of plaque (Plate XIII, fig. 1) was usually quite small 
at the time of formation, showing a circular patch of •§ to 1 mm. in diameter 
quite bare of any growth. This small patch later got appreciably large (4-8 mm. 
diameter) and was soon surrounded by a larger circular zone of bluish transparent 
growth which, was quite flat on the surface of the agar as opposed to raised, pearly, 
white, slimy growth in other parts of the plate. On further incubation this zone 
of bluish transformation slowly increased and when a large number of plaques 
were present the whole plate soon assumed a transformed appearance (Plate XIII, 
fig. 2 and Plate XIV). If a drop of the undilutated active filtrate was mixed with the 
suspension and spread on a plate there was no regular plaque formation but the 
whole plate assumed the transformed bluish appearance with large patches of agar 
devoid of any growth, after 24 hours. When the suspensions of the organisms 
were inoculated with a platinum needle which had been brought in contact with 
the central bare space of the plaque, and incubated, the dissolution of the cultures 
was observed after twenty-four hours, thus showing that the clear central spaces 
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Fio- 3. Bacteriophage from Trifolium alexan- 
drianum on colonies of organisms from Trifolium 
plants. 1. Top colony half transformed. 2. Below 
that whole colony transformed. 3. Two colonies in 
which the transformation has just started. 4. Bo - 
tom two colonies in which one is not yet attached 
and one showing the transformation starting xrom 
the centre. 




™_ a Lathvrus organism by its bacteriophage. 1. Top two colonies 
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complete transformation. '3. Bottom two colonies showing part transforma- 

tion. 
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were the true colonies of the bacteriophage. When, the suspensions were inoculated 
with the growth from the bluish transparent zone no clearing of the suspensions 
was observed but the growth in the inoculated- tubes developed a bluish trans- 
parent appearance with a slight 'flocculation of the growth after- a few days. 
When these bluish cultures were filtered, through porcelain filter candies the 
filtrates showed the presence of the bacteriophage as was seen by the dissolution 
of liquid cultures as well as by the plaque formation on solid media. When similar 
experiments were conducted with the normal growth of the culture from, the same 
plate no lytic principle could be found. It was definitely established that the 
bacteriophages giving this type of plaques had an unique property of .slowly spread- 
ing into the culture Irani the first formed plaques and dissolving the organisms 
and the slime in the surrounding area. The dissolution of the organisms is not, 
however complete, as the bluish growth persists. This lytic action was accom- 
panied by a change in the appearance of the culture from raised, opaque, pearly 
white, slimy and glistening growth to flat, transparent bluish and slightly granular 
growth without any slime, which contained organisms resistant to lysis by the 
bacteriophage. 

The second type of plaques (Plate XV, figs, 1 and 2), which were usually met 
with in strains which produced little or no slime, were quite ordinary circular patches 
quite devoid of any growth. The rapid spreading which characterised the first type 
of plaques was not observed in the second type though some slight spreading could 
be seen after many days (more than a week) by means of a magnifying glass. As 
m the case of the first type of plaques, the bare space in these plaques proved to be 
the true colonies of the bacteriophage. Inoculation from these spaces into fresh 
cultures demonstrated lysis in liquid cultures and plaque formation on solid media. 
The growth near the plaques showed absence of the bacteriophage as neither lysis 
nor plaque formation was observed when it was added to a fresh culture of the 
organisms. It may be observed that the two types of plaques described above 
occurred respectively in slimy and non -slimy strains of the nodule organisms. To 
investigate whether the plaques were innately different or varied with the nature 
of the growth of the organisms, bacteriophage giving typical plaques of the second 
type, occurring with the non-slimy strain, was successively passed through a strain 
which was slimy, and it was observed that after a few passages it gave typical 
plaques of the first type. The experiments were repeated with special care to avoid 
chance contamination of the bacteriophage giving the plaques of the first type. 
At each passage the filtrate was diluted and plated, and the inoculations for the 
second passage were made from isolated typical plaques of the second type. The 
typical plaques of the second type decreased with successive platings and many 
plaques began to show a slight zone of secondary transformation round them. The 

e2 
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zone of this transformation increased gradually with successive passages and 
ultimately the plaques could hardly be differentiated from the typical plaques of 
the first type. 

These experiments definitely showed that the bacteriophages giving two 
different types of plaques were not in fact inherently different but that some bac- 
teriophages had developed the power of spreading and dissolving the slime while 
others had that power latent and developed it only under suitable conditions. 

Gratia [1931, 2] in a very recent paper has shown the occurrence of the two 
kinds of bacteriophages for StaphjlocooGus giving two types of plaques very similar 
to the two types mentioned in this paper. But in view of the observation made 
in our experiment described above that the bacteriophage giving one type of plaques 
may be made to give plaques exactly like the other type when grown with a 
suitable strain, it is doubtful whether there are in reality two different bacterio- 
phages for the nodule organisms and a suggestion may be ventured that the two 
types of plaques observed by Gratia may be really due to different kinds of growth 
of the organisms with which the bacteriophages were previously cultured. 

(b) The Twort phenomenon ^ — Another phenomenon which was met with while 
working with these bacteriophages was the appearance of the transformation of 
the growth of the organisms in a colony on an agar plate. For this purpose 
an old colony of the organism on a plate was touched with the bacteriophage. 
The colony after some time began to turn flat, bluish and transparent from one 
or several points on the periphery. This was accompanied by the transformation 
from a raised, slimy appearance to a flat slightly granular one, quite distinct 
from the normal appearance. This transformation continued further towards 
the centre of the colony and ultimately the colony turned completely flat, bluish, 
granular and semi-transparent. Sometimes this effect took place in concentric 
rings from the periphery. However, when the filtrate was highly virulent the 
transformation began from the point of touch. The transformation was, however, 
not always regular as it spread towards the centre. Ultimately, however, the 
whole colony w T as transformed {Plate XV, figs. 3 and 4). Other normal colonies 
in the same plate though not touched by the bacteriophage soon got the infection 
of the bacteriophage as seen by the similar transformation starting in their 
appearance. 

In order to see whether the changed appearance of colonies was due to the 
dissolution of the organisms, the numbers of organisms in the baeteriophaged 
colonies were counted and. compared with those in colonies kept as control in 
another petri dish. For this purpose a single colony was planted in a number 
of petri dishes and after they had developed for two days, some were touched 
with n minute quantity of the bacteriophage. When the appearance of the 
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colony touched with the bacteriophage was completely transformed, the agar 
round about the colony was cut with a sterile knife and the' colony, with the agar, 
transferred into sterile water, and an emulsion prepared by violently shaking for 
10 minutes so as to disintegrate the agar completely. Dilutions were made and 
plated and the number of organisms calculated for the whole of the colony. For 
comparison counts were made from the colonies kept as controls, after similar 
treatment. The average number of organisms in the control colonies was found 
to be 3.200.000,000, while in the phaged colonies the number was found to be 
300,000. The appearance of all the colonies on the agar plates poured as described 
above from phaged colonies was quite normal for two days, after which they began 
to show transformation similar to that of the phaged colony. The transformation 
appeared in regular concentric rings. This bluish transformation of colonies in the 
plates poured from the colony was proved to be due to the bacteriophage by 
filtering the emulsion of the colonies through a porcelain filter candle. The 
filtrate was found to bring about the lysis of the organisms in liquid cultures as 
well as the transformation of the colonies of the organisms. 

This unique property of transformation of the colony with partial dissolution 
of the organisms may he attributed to the spreading nature of these bacterio- 
phages which, probably with the associated enzyme, decomposed the slime also. 
This transformation has a resembalance to the phenomenon first observed by Twort 
[1915]. In T wort's phenomenon the bacteriophage dissolved away the organisms 
leaving the bacterial fragments staining red with giemsa in the vitreous mass. In 
the transformation phenomenon described above slime and bacteria were dissolved 
away leaving a very few bacterial fragments, with the resistant organisms, and some 
old dead organisms on the agar. 

jy Herelle had not been able to initiate a visible dissolution of the organisms 
in a colony with the bacteriophages he had isolated and hence he distinguished his 
phenomenon of baeteriophagy from that of Twort. Recently D Herelle [1931] has 
come to recognize the spreading nature of some of the bacteriophages on solid 
media and the only distinction, he makes is the formation of fine granules staining 
reddish with giemsa in the vitreous transformation. D Herelle in his attempts to 
differentiate the two phenomena has laid unnecessary stress on this formation of 
bacterial fragments staining reddish with giemsa stain. He recognizes that, if the 
process of baeteriophagy in liquid culture is observed under the microscope, the bac- 
terial cells first get poorly stained until finally very rarely a cell or two may be 
found stained. He further observes, “ at the same time amorphous debris and gra- 
nulations, derived most certainly from the bacteria already dissolved, are seen. 
These granulations dissolve more slowly than the remaining portions of the bacterial 
protoplasm ; gradually the formless debris disappears and in turn the granules ", If 
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the same process of baeteriophagy were to take place on solid media it is natural to 
suppose that these debris and granulations, which disappear, due to the rapid 
action of enzymes from ruptured bacterial cells, after thirty-six hours in liquid 
culture, take a longer time to disappear on solid media ; hence the debris and gra- 
nulations are seen on solid media especially when the action of bacteriophages is 
not inhibited by the products of bacterial dissolution. 

Gratia [1931, 1] working with the gram positive Staphykeoccw bacteriophages 
has demonstrated that the resistant organisms were gram positive and the vitreous 
mass gram negative, and that the vitreous material showed fine irregular particles 
on staining according to BorrelFs method. As the nodule organisms are gram nega- 
tive Gratia's gram staining method was found to be unsuitable for differentiating 
the resistant organisms from the vitreous material. The staining of: the transform- 
ed culture according to the method of Borrel showed that there were some fine 
particles mixed with a few normal sized bacteria. Staining of the transformed 
culture in the earliest stages by giemsa stain showed very small irregular particles 
staining red, mixed with very few organisms. Also in a smear made from the 
centre of a plaque, where there was no visible growth, similar particles staining red 
with giemsa were seen. When a smear was made from a transformed colony which 
had remained so for some time, granules staining red with giemsa were few and 
hard to distinguish from granules occurring in the bacterial cells, as the cell wall 
did not stain prominently. The staining reactions of organisms from the resistant 
secondary cultures and the transformed cultures were similar to those of the orga- 
nisms of the original culture without the action of the bacteriophage, and could 
not be distinguished from each other by any such method of differential staining. 

Secondary growth. 

Secondary growth occurred in all the liquid cultures which had become clear by 
the action of the bacteriophage. The phaged cultures remained clear normally for 
two days but some phaged cultures became slightly turbid only after a week while 
others turned turbid almost immediately after they had cleared. The secondary 
growth was observed to grow much more quickly in cultures phaged by a bacterio- 
phage of weak virulence, than in cultures phaged by one of strong virulence. The 
secondary growth generally remained at the bottom of the tube or adhered to the 
test tube in agglutinated clusters, and the liquid medium in the tube assumed a 
bluish tint. ■ When the secondary growth, was plated it generally gave normal 
looking colonies of the organisms, but after three days or more, bluish rings were ob- 
served on the outside border of the colonies. These rings broadened till all the 
colonies assumed the transparent bluish appearance of a phaged colony. When one 
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of the bluish transparent colonies was transferred to the liquid medium,, and 
filtered through a candle after a growth of three to five (lavs in that medium the 
filtrate was found to contain the lytic principle which readily acted on. the susceptible 
strains. The growth of the secondary cultures on solid media was markedly differ- 
ent from the growth of the ordinary strains. They grew poorly and had not the 
white, glistening, raised, and slimy appearance of normal growths. 

The altered growth was highly characteristic of the action, of the bacteriophage 
and could be easily distinguished, being slight, flat, slightly granulated with bluish 
patches and without any slime. When, the secondary culture was repeatedly plated 
on a medium rich in sugar like Ashbys mannite agar, the number of colonies 
having the bluish rings associated with the presence of the bacteriophage diminished 
with successive platings. Quite normal looking colonies which had shown no bluish 
ring formation for fourteen days often gave rise to colonies with bluish rings on a 
second plating. From this appearance of bluish rings on the second plating it is 
concluded that the bacteriophage may remain associated with the organisms without 
any apparent manifestation of its action on media rich in sugar. When such a mixed 
culture of the organisms already containing a bacteriophage, though not showing any 
apparent sign, as noticed above in some colonies of the first plating on Ashby's 
mannite, is exposed to the action of another bacteriophage, it is found that the add- 
ed phage is unable to show visible action on the mixed culture. If the mixed cul- 
ture which was normal on Ashby's mannite was transferred to the . usual mannite 
mannite medium containing 0*2 per cent, sugar the presence of the lytic principle 
was soon made manifest by the formation of the characteristic flat slimeless growth. 
It was found difficult to obtain ultra-pure cultures of the organism from the secon- 
dary growth. Usually the method followed was successive plating on Ashby's 
mannite. Three platings were sufficient to eliminate the bacteriophage if transfers 
of selected colonies were made. Most of the colonies at this stage gave normal cul- 
tures on the mannite .mannite agar and the contamination of the bacteriophage 
seemed, to have been eliminated. The cultures of the strain thus freed from, the con- 
tamination behaved like the original susceptible strain as regards lysis. If the se- 
condary culture was transferred to Ashby's mannite in slants for few transfers the 
contaminating phage instead of being easily separated was difficult to eliminate from 
the culture. The growth of such cultures on marmite mannite appeared to be normal 
for some transfers and then it suddenly changed to the characteristic growth of the 
contaminated culture. The secondary cultures which had remained longer on Ashby's 
mannite retained the normal appearance longer on marmite mannite agar. The 
presence of the lytic principle in such normal looking culture was easily manifested 
by transferring it into a suspension of the susceptible organisms in liquid medium 
containing 0*2 per cent, sugar or without any sugar and filtering through a candle 
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Thus our experiments show that the specificity of the bacteriophages is not 
limited to the particular strain of organisms. The partial resistance of some of the 
strains may well be explained by their long association with some lytic principle 
which had resulted in their acquiring a resistance by constant contact with it. 

Passing from the specificity of the bacteriophages for the strains of the 
organisms derived from the same species of plant, further experiments were con- 
ducted to determine whether the bacteriophages dissolved the organisms isolated 
from leg umin ous plants of species other than the one from she nodules of which the 
bacteriophages were isolated. For the cross inoculation experiments we had three 
tests to find out whether any particular bacteriophage acted on the organisms 
or not. 

1. Inoculation of the phage and the organisms to be tested in a liquid medium 
for observing the clearing of the medium. 

2. Simultaneous inoculation of the phage and the organism on a solid medium to 
see plaque formation. 

3. Inoculation of the phage on to colonies of the organisms, already grown on 
agar. 

Sometimes the bacteriophages had to be trained to act on the organisms by 
inoculating the phage in the culture of the organisms to be tested, filtering the tubes 
receiving bacteriophage, and reinoculating the filtrate in the suspension of the same 
organisms. The results, which are set forth in Table III showed that the bacterio- 
phages tested were polyvalent and could attack or be trained to attack practically 
all the organisms occurring in the nodules of the different species of the leguminous 
plants. 


Inactivation of the bacteriophages. 

The bacteriophages were found to he heat labile, a temperature of 70° to / 5 0, 
for five minutes served to inactivate them. This was clearly demonstrated by the 
following experiments. Six tubes containing 10 c.c. sterile water were taken ; two 
drops of active bacteriophage added to each of the tubes. These tubes were placed in 
a water hath which was heated to a particular temperature and kept at that tempera- 
ture for the requisite length of time. After cooling, one c.c. of the dilute heated 
principle was added to freshly prepared suspensions of the organisms and incubated. 
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experiments were conducted in triplicates. Tlie results are set forth in 
S3 IV and V. 

Tahir IV. 

Effect of temperature on inactivation of the. Trifolium alex. bacteriophage and 
Lath yr us ordoratus bacteriophage. 


if the Dolichos Lahlah bacteriophage. 
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Flasks containing 100 c.c. of marmite mannite broth containing 0-2 per cent, 
sugar were inoculated with the organisms by adding an equal inoculum in each flask. 
These were incubated for 24 hours when turbidity was appreciably developed, lo 
one batch of flasks 0'2 c.c. of the active bacteriophage was added, while to the other 
batch the same amount of the active filtrate, inactivated by heating to _ 100 O 
for 5 minutes on a water bath, was added. Numerical counts of the organisms in 

these flasks were then made by plating out on marmite mannite agar immeo lately 

after inoculation and at different intervals during the period of lysis. 

The results of four typical experiments with IrifoUtm organism and its phage 

are given in Table l?!. 

Table VI 

Rate of dissolution of the organisms from Medium plants ly tie bacteriophage from 
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In the experiments cited it may be noticed that the organisms were at no time 
completely destroyed even when the bacteriophage was very virulent and no tur- 
bidity was visible in the flasks containing the bacteriophage. Plates made during 
the period of active lysis contained some colonies which were abnormal. Colonies 
exhibiting the abnormal appearance described previously looked like normal colo- 
nies for a period of two or three days after which they developed the typical blue 
transparent transformation from the periphery which soon extended to the centre 
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in concentric rings. The number of such colonies increased with time and after the 
end of the active lysis all the colonies developed these transformations. The pro- 
gressive rate of lysis observed with Lathy rm organisms and their bacteriophage as 
well as Doliohos organisms and their bacteriophage gave similar results to those 
described for the Trifolium organisms. 


Summary. 

A method has been evolved by which bacteriophages have been isolated from 
roots of many leguminous plants. Various media have been tried and it has been 
established that media suitable for isolation of the bacteriophage are unsuited for 
enhancement of virulence and vice versa. The formation of plaques has been invari- 
ably observed. Two types of plaques have been met with. The formation of two 
different types of plaques depended upon the kind of the growth of the organisms 
and the previous history of the bacteriophages and not on the inherent nature of 
bacteriophages. The bacteriophage giving one type of plaques may be made to 
give plaques exactly like the other type when grown with a suitable strain of the 
organisms sho wing that all bacteriophages of the nodule organisms represent one 
primary bacteriophage. 

Bacteriophage of these organisms showed a modified form of Twort’s pheno- 
mena which took place when a colony of the organisms was touched with the 
bacteriophage. The appearance of the colony changed from raised, opaque, pearly 
white, slimy and glistening one to flat, transparent, bluish and slightly granular 
one. The bacteriophages were not particularly specific in their action. Not 
only all the strains of the corresponding organisms were attacked but the 
bacteriophages could be trained to attack any organism derived from widely 
different species of leguminous plants. The bacteriophages were heat 
labile and a temperature of 75°G. for 5 minutes served to inactivate them. 
The progressive rate of lytic action showed that organisms were at no time 
completely destroyed even when the bacteriophage was of maximum virulence. 
Secondary growth occurred in all liquid cultures which had become clear 
by the action of La r bacteriophage. Secondary cultures showed some resis- 
tance to the action of the bacteriophage but they lost this resistance if cultivated 
for one generation in the absence of the phage. The separation of the organisms 
from the bacteriophage was difficult; only repeated plating was successful if the 
contact of the organisms with the bacteriophage was not of a long duration. 

My thanks are due to Mr. J. JEL Walton, Imperial Agricultural Bacteriologist* 
at whose suggestion this investigation was undertaken and to Mr. 17. V. Joshi for 
his assistance in the preparation of this paper. 
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A STATISTICAL NOTE ON CERTAIN RICE-BREEDING! EX- 
PERIMENTS IN THE CENTRAL PROVINCES. 


P. C. MAHAL A NOBIS, M.A. (Cantab.), B.Sg. (Cal.), 

Professor of Physios, Presidency College, Calcutta. 

(Received for publication on the 9th October 1991). 

1. In the June (1931) issue of this Journal, Messrs. D. N. Mahta and B. B. Dave 
gave a most interesting account of “ Rice-breeding in the Central Provinces x - lbe 
experimental work done by the authors and the results achieved by them are likely 
to be of far-reaching importance to Indian Agriculture. I may, therefore, be 
excused for offering a few remarks on the statistical methods used by the authors 
to test the significance of their results. 

The authors raised a number of new varieties by hybridization. These hybrids 
(which possessed the desirable characters) were “tested for yield among themselves 
and against tlieir parents. The testing of yield was carried out by the Latin Square 
method.” The yield of 13 varieties replicated 13 times in plots (4'x4') were 
recorded (page 361). The Table I giving the primary data (yield in ounces of each 
strain noted below the varietal number) is reproduced here (from page 361) for 
convenience of reference. 

* Jnd. 7 . Agrie. SoL, Vol. I, Part IIlTwmi, IT- 351-371. Subsequent page references refer 
to this paper. 
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In discussing the significance of the results the authors calculated the mean 
and standard deviations (based on samples of 13). and used the classical theory oi 
errors to test the differences in yield. 

2. A more recent statistical procedure can, however, be adopted with advantage 
and will lead to a greater precision in the quantitative interpretation of the results. 
This is attained in two ways. First by the use of the appropriate theory of small 
samples/ 1 * Secondly, by eliminating the effect due to soil heterogeneity by using 
Fisher's method of “analysis of variance ", a procedure which, very fortunately, can 
be adopted in the present case owing to the use of the Latin Square arrangement. 
It is desirable that agricultural experimenters in India should make themselves 
familiar with Fisher’s method. Full details of the numerical calculations are, 
therefore given below, f 

* The application of the classical theory o£ errors (which was developed on the assumption of large 
samples) will not yield absolutely correct results in the case of small samples. This difficulty can be 
met by using Fisher’s t-test. I have discussed this question in a recent note of the Indian Journal of 
Agricultural Science (February, 1032) which may be referred to for full details. 

flam intentionally confining my remarks to the explanation of the actual procedure of numerical 
calculations. Excellent descriptions of the method will be found in R. A. Fisher’s 4 Statistical Methods 
for Research Workers’ (3rd edition, 1930, Chap. VIII). J. G. Irwin has recently given a resume of 
the underlying theory in an article on 44 Mathematical Theorems Involved in the Analysis of Variance ” 
in the Journal of the Royal Statistical Society, Vol. XCIV, 1931, Part II, p. 284. 

There are three Arithmetical slips in the numerical calculations in Mahta and Dave’s paper. There 
is a serious mistake in 4 B. xS. No. 24 Serial No. 13 (p. 387). The yield is printed as 19*50; the 
correct figure (from Table 1) is 29*50, The corresponding square should be changed from 380*2 to 
870*25. 

For *Bhondu ’ (p. 368) serial number 4, the yield is printed as 27*75. The correct value is 27*25. 
The total yield of Bhondu has, however, been evidently calculated with the figure 27*25). The square 
742*7 should be corrected to 742*56. 

For 4 Surmatia serial No. 8, the printed figure is 20*50 ; the correct figure should be 20*33, The 
square should also be changed from 420-4 to 413*31. 
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3. In reducing any considerable body of field data, it is usually con venient to 
adopt a suitable bise number, and subtract this base number from each individual 
figure of the original data. In the present example, 2-1 oz. will be a convenient 
number, as this happens to be the approximate value of the general mean.* We 
now subtract 24 from each of the yield figures in Table I, and enter the deviation 
(plus or minus) from 24 in Table II. For convenience of reference, I shall use the 
following serial numbers for the different varieties. 


The figures in each column and in each row are next added and the sums 
entered as shown in Table II. (For example, the sum of the figures in row 1 is 
+40-50, of column 5 is — 14'17, of row 6 is —0-92, and so on). Adding the marginal 
totals of columns we get +11‘03. (This is checked by adding the marginal totals 
of rows.) The general mean is then given by 24+ir08/169=24’07 approximately. 
(This may, and should be checked by direct addition of all the yields.) 

The squares of individual deviations are then taken from a table of squares 
(like Barlow’s Tables) and entered in Table III Bows and columns are added, and 
then the marginal totals as before. The gross total of all (169) deviations from 24 


No . 

Variety 
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B. X S. No. 24 

10. 

B. X S. No. 30 

11. 
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The sums of deviations for rows, columns, and varieties are next written in 
Table V "columns 2. 4. and 6 respectively. (It will be noticed that the sum of 
“(J; of 3 is + 26-00 which is token from Table II, or the sum of deviation 

of variety No. 9 is + 42« which is taken tan Table IV, and “> 
these sums of deviations are then entered in columns 3 5, and 7 respectn cly 
Adding the figures in columns 3, 5, and 7 we find the sums of squared deviations 
be 3312‘72I4, 4406-3514, and 8885 - 4764 respectively. 

Table V. 

Svms of deviations for rows, columns, and vaneties. . 

1 t>„w 0 Columns Varieties 


Deviation Squares 


4-40*50 j 
—50*00 
4-26*00 
4-14*50 
4-20*25 
— 0*92 
4 - 1-00 
—18*25 
—23*25 
4 - 2*00 
4-10*75 
4- 9*25 
—20*75 


1,040*2500 
3,136*0000 
070*0000 
210*2500 
6S9-0025 
0*8404 
1*0000 
. 333*0625 
540*5625 
4*0000 
280*5625 
85*5625 
715*5625 


(3) 

Deviation 

—15*25 
—30*50 
—25*50 
— 8*00 
—14*17 
4- 5*25 
4- 8*50 
— 0*00 
4-13 # 75 
-1-10*25 
4-15*50 
4-31*75 
4-25*50 


<*) 

Squares 

(5) 

Deviation 

232-5625 

—10*25 

930-2500 

+ 5*75 

650-2500 

+ 13-50 

64-0000 

—13-50 

200-7889 

4- 1*75 

27-5625 

4-26*25 

! 72-2500 

—13*25 

36-0000 

+33-75 

189-0626 

4-42*50 

105-0625 

—34*25 

240-2500 

+29*50 

1,008-0625 

—31-50 

650-2500 

-39*17 

n .... ' 4-1 


As we nave woikuu wuh oumo vx — ^ + 

columns and varieties these three Fums are divided by 13, giving the 

suits. 

Gross sum of squares. 

-o . . 639 ' 

Columns 3j8 ' 

Varieties - ^ 83 


( 0 ) 

Squares 

105-0625 
33-0625 
182-2500 
182-2500 
3-0625 
689 0625 
175-5625 
1,139-0625 
1,806-2500 
1,173-0625 
870-2500 
992-2500 
1,534-2889 

case of rows, 
following re- 


639-4401 

338-9501 

683-4982 
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So far the sum of squares have been found for the deviations of each plot yield 
from the arbitrary base number 24. We require however the sums of squares for 
deviations from the true mean (24-07). These can be obtained by applying a correc- 
1 ion to the sum of squares obtained above. 

The sum of all deviations with respect to base number 24 is + 11-08. Squaring 
1 1-08 we get 122-7664. Dividing this number by 169 (the total number of all devia- 
tions) we get —0-7264, the required correction. This must be subtracted, 
from the above uncorrected sums of squares of deviations.* 

Hence, we derive the corrected sum of squares. 

Sum of Benares 

Bows 638*7137 

.... Columns 338*2237 

Varieties . -•••*•* 082*7718 

L We are now in a position to form Fisher’s Table of Analysis of Variance 
(Table VI). In column 1 is given the nature of variation. In column 2 the 
corresponding number of degrees of freedom. These represent the total possible 
number of independent comparisons in each case. For example, for the 13 rows 
only 12 independent comparisons are possible, and similarly for the columns and 
varieties. For the whole sample of 169 plots the total number of comparisons 
possible is 168. (In fact in field trials, the number of degrees of freedom is usually 
obtained by subtracting 1 from the size of the sample). 

The sums of squares of deviations for rows, columns and varieties 638*7137, 
338*2237 and 682*7718 are written down in column 3, and added giving a total of 
1659*7092. This represents the contribution of 36 degrees of freedom {usually 
written as D. F.) due to rows plus columns plus varieties (each of which absorbs 
12 degrees of freedom). The total sums of squares of deviations, 2589*4300, is 
obtained by applying the correction { — 0*7264) to 2590*1564, the gross total 
already found in Table III. This represents 168 degrees of freedom. Subtracting 
1659*7092 from 2589*4300, we get finally 629*7208 as the sums of squares of devia- 
tions due to the residual causes of variation (usually called random errors) with 
168—32=136 degrees of freedom. For purposes of comparison it is this residual 
variation which gives the probable margin of experimental errors (including residual 
effects of soil heterogeneity). The enormous advantage of eliminating the effects 
of other factors of variation is obvious. ■ . 

5. Dividing the sums of squares (column 3) by the corresponding degrees of 
freedom (column 2), we get the quantities known as C£ variances 99 given in column 
4. We notice that the variance due to differences of varieties is 56*8976, while the 
random variance is 7*0433, (For purposes of comparison only these two variances 

: * This coirection is always negative, i.e., must always be subtracted® 
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are required in practice). We may now use Fisher’s ‘ z-test ’ to find whether the 
varietal differences may he considered significant m comparison with the ran o 
variance, i.e., whether 5G'8976 may he considered to be significantly greater than 
7*0433 The natural logarithms (that is logarithms to be base e , anc no .o 
the base “ 10 ”) of the variances are required for this purpose. They are entered 
(from mathematical tables) in. column 5 of Table VI, . 

Table VL 


r ! ; i I 
|:|tJ il 



Variance due to 

Varieties . 
Columns . 


1). F, 

Sam of squares 

12 

082-7718 

12 

338*2237 

12 

638*7137 

132 

929-720S 

168 

2589-4300 


Mean square 


56*8976 

28*1853 

53*2261 

7*0433 


4*04112 


1*95203 

2*08909 


Xiie z-te 85 may do now ajjjjucu. m *^.^ "**«*-, "~v * 

variances for varietal difierences and random errors respectively. 

Then z=l (log c Vi-log e v 2 )=l'0M5 with n, (the D. F. corresponding to the 
larger variance)=12, and n 2 =132. Wemaynownse Fisher’s Table VI (Statistical 
Methods, page 215). We find that the one per cent, point (that is, for probability 
of 1 in 100), with n 1 =12, and n 2 =60, z = 0'4574, while for ^=12, and n 2 - », 
z =0-3908 The observed value of z=T0445. It is clear that the odds are much 
creator than 100 to 1 against such a value of z (=T0445) occurring by chance. 
We conclude that the observed value of z =1-0445 indicates a significant difference 
between 56*8976 and 7*0433. That is, we conclude that the varietal differences 
are statistically significant in comparison with the random error of the experiment. 

6. We may now proceed to test the individual differences in yield etween 
the different varieties. The residual variance is 7 '0433. The variance for mean 
values based on samples of 13 will be given by 7‘0433/13. The variance of 
differences between any two such mean values (each based on samples of 13) is 
given by 2 x 7-0433/13=r08374. Extracting the square root of this quantity we 
obtain T041 as the value of the standard error for comparison of mean yields based 
on 13 replications each. 

The differences in mean yield are tabulated systematically in Table VII. 



ifferemes in yield 



•Column 

Column 







I 


f .-i'f y ' 1 ' ‘ ' ' , 
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In order to appreciate the significance of these differences we proceed m the 
following way. We have seen that the standard error of the mean difference is 
foil. We may use Fisher’s t-table (Table IV : p. 139), although in this case the 
classical theory will give practically correct results. Adopting a level of significance 
of 1 per cent. (P= 01, or odds of 100 to 1), we find that for n=132, the 
critical value of “t” is 2*536. Since “t” is expressed in terms of the standard 
error, we must multiply it by 1‘011, and obtain the critical value of the difference 
to he 2-640 in the present case. In other words the odds are 100 to 1 that any 
observed difference (in mean yields given in Table VII) of this magnitude is 
definitely significant *. For any pair of varieties we can therefore find the signi- 
ficance of the comparison by a mere inspection of Table VII. For example for 
variety No. 9 (*.«., B. X S. No. 24) we notice that it gives a significantly better 
yield than No. 1 (B. X P. No. 11), No. 4 (B. X P. No. 19), No. 5 (B. X P. No 20) 
No. 7 (B. X P. No. 22/2), No. 10 (B. X S. No. 30), No. 12 (Parewa) and No. 13 
(Surmatia). Or let us compare No. 2 (B. X P. No. 12) and No. 6 (B. X P. 
No. 22/1). The observed difference is T5S, and is not significant. We cannot 
assert that on a repitition of the trial ‘B. X P. No. 22/1 ’ is definitely more likely 
to produce a better yield than B. X P. No. 12 . 

Expressing the critical difference 2 911 as a percentage of the general mean 
yield (24-07), we get ll'O per cent, approximately. The order of accuracy attained 
in the present experiment is therefore such that differences in yield of the order 
of 11 per cent, may be detected with a certainty of ICO to 1. With a lower level 
of significance (of 20 to 1), the critical difference is 8*4 or 8 per cent, approxi- 

mately. 

7. If we compare the results given by the author (pp. 370 371) with my 
results, we find several discrepancies. The authors state that the difference between 
1 B. X P. No. 11 ’ and ‘ Bhonda ’ is insignificant, my analysis shows that the 
observed difference of 3‘05 may be considered to be significant. In the same way 
I find that the difference between ‘ B. X P. No. 19 ’ and ‘ Bhondu ’ (3‘30), is also 
significant. Adopting the 5 per cent, level of significance (for which the critical 
difference is 2*022), we notice, that two other differences (’B. X P. No. 20 and 
‘Bhondu’, ‘B. X P. No. 20’ and ‘Parewa’) rejected as insignificant by the 
authors may also be considered significant. 

The authors give 20 comparisons, out of which 10 are insignificant. Against 
this in Table VII we have figures for all possible comparisons, in this case 68 in all. 
With 1 per cent, probability, (critical difference 2*64), no less than 34 differences 
out of 68 are significant. With 5 per cent, pr obability (critical difference 2'02 ) 

* If we use a loirer level of tiguific-ances" of 6 per cent., the critical value of ‘ t 1 is 1 - 942 , awl the 
critical difference is 2 * 0 22 * 
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8 more differences may be considered significant. We find, therefore, that on 
the basis of the present experiment 42 differences are significant, while 26 must 
be considered insignificant. 

The above discussion shows that the present experiments are actually more 
valuable than one would gather from the analysis originally given by the authors. 
The advantages of the systematic procedure described above is then two- 


(a) There is a substantial gain in the precision of the comparison, and 

(b) the process is exhaustive, so that not a single significant difference is 

likely to be missed. 

Further, as already pointed out, the statistical theory used is one which was 
specially developed to meet the requirements of small samples. 

The numerical calculations were completed under the supervision of my computing 
assistant Balm Sudhir Kumar Banerjee, and were rendered possible by a research 
grant from the Imperial Council of Agricultural Research, 
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to record the main points of interest develc 
of an investigation of chemical metl 


The purpose of this paper is 

to plants of soil phosphate. Since the days ot Lie Dig 

this has been a live question, and it still lacks a satisfactory answer. ^ 

Available soil phosphate is, for the present purpose, defined as that part of 

the soil phosphate which may he absorbed or used by ordinary crop plants m the 

production of plant substances.” Also it is assumed that different species of plants 
may have quite unlike power to obtain an adequate supply of phosphate from a 
given soil which is deficient in available phosphate. 

° In the endeavor to find a somewhat satisfactory procedure, several methods 
proposed by others have been examined (the results are reported at the end of tins 

paper), much experimental work has been done, and some new methods have been 
worked out. It is thought that some of the new methods permit a closer approach 

to an adequate solution of the problem than any previously published chemical 


Introduction. 

n of tlie availablity of soil phosphate by chemical 
impossible for several reasons. Some are here men- 

e soil in several forms of combination, both mineral 
s concerned with mineral phosphate only. Apatite, 
Ca 3 (P0 4 ) 2 CaCl 2 ; hydroxyapatite, [Ca 3 (P0 4 ) 2 ] 3 Ca(0H) 2 ; 
hate ; and wavellite, aluminum phosphate, are soil 
is probably the chief source of 


minerals. According to Russell (21), hydroxyapatite 


^Division of Plant Nutrition. 



soil phosphate* These minerals are relatively insoluble in water. Since most 
mineral phosphates are very insoluble in water, there is but little P0 4 dissolved in 
the soil solution at any one time. The amount of P0 4 in solution is increased by 
COo or other acids, provided they do not at the same time increase too much the 
concentration of those cations which tend so repress the dissolving of phosphate. 

Some students believe that plants have power to absorb certain nutrients from 
the solid state, without first having to be dissolved in the soil solution. This is said 
to be true of phosphates. Also plaids have the power of selection so that they can 
take up P0 4 without at the same time absorbing the cations combined with it. 

Another difficulty in estimating the availability to plants of soil phosphate by 
chemical means is found in the fixation of P0 4 by the soil so that it becomes in- 
soluble in the soil solution and largely unavailable to plants. The determination of 
whether fixation is a purely chemical phenomenon or is more or less dependent on 
surface action and colloidal effects has not "been made a part of this study. It seems 
probable that the availability of fixed phosphate depends much, on the form in 
which it is fixed particularly as to whether it is combined with Ee, AL or Ca, but 
chemical agents do not well separate these different phosphates. 

Even though the supply of available phosphate is adequate, plants may fail on 
account of the lack of some other nutrient or perhaps from the presence of some 
unknown or unsuspected injurious or toxic substance or condition, but such adver- 
sities to plants will have little effect on the solubility of soil phosphate in chemical 
reagents. Since chemical methods of estimating the availability of phosphate 
depend on first getting it into solution, and since chemical solubility may be very 
little dependent on several of the aforementioned factors, it is evident that chemical 
methods can not well be expected to imitate the action of plants in estimating the 
availability to plants of soil phosphate. 

After plants have grown upon a soil which has been treated with phosphate, 
it seems unreasonable to expect that any chemical test applied to the cropped 
give a proper representation of the soil as the plant had to deal with it at the start 
immediately after the phosphate was added, particularly if the phosphate was 
mostly water-soluble at first. 


Experimental. 

To enable the reader to understand better the experimental work recorded in 
the following, there is presented on page 172 a tabular statement giving the labora- 
tory number, name, response to phosphate fertilizers, and general fertility of the soils 
most used in this work. 

The methods used in obtaining soil extracts for this study are of two 
equilibrium methods, in which the soil is shaken with a volume of solution for some 
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Hi solution is analysed; aad parcolatfon nutlvxl^, by which the 
th a solvent to more or less complete removal of P0 4 or other 
late is examined. The numerical results obtained by. these two 
% unlike and not properly comparable. It is not intended to 
it complete equilibrium is attained in the first case but only a 
; or that complete extraction, only approximate, is obtained by 
fliof. in oiflior rase the process was carried far enough to 


General 

fertility 


Response to 
P0 4 fertilizer 


Name 


Number 


Very good 

Very good 

Low 

Low- 

Good 

Very high 

Good 

Poor 

Fair 

Medium 

Poor 

Very high 

Medium 

Good 

Medium 

Poor 

Poor 


Little 

None 

Large 

Large 

Little 

None 


10 Yolo silty clay loam 

30 Fresno tine sandy loam • 

30 Farwell sandy loam * 

37 Nord sandy loam - 

38 Vina silty clay loam . * 

40 Altamont-Olympic loam, wash * * 

45 Aledo, 111., clay loam and rock phosphate 
40 Aledo., HI- Same untreated ...» 

53 Delhi sand * 

59 Aiken clay » ■ 

04 Vina silt loam . * • * 

05 Yolo loam * 

00 Aiken clay * • 

08 Xejunga fine sand • 

09 Sites clay loam • 

78 Fine sandy loam ' " 

80 Handf ord fine sandy loam . - - ’ 

Equilibrium methods for giving an idea of the 

subject to the general criticism that the effects produced 

those produced by a plant drawing nutrients from the soil m a selective manner, n 
a „ equilibrium extraction, some of the product, of the action of weak solvents may 
Ld to repress solubility of FO„ ,.g. Ca and Mg brought mto solutsou by weak or 
dilute acids. This has been pointed out by Teakle (23) and others. 

It seems irrational to apply such concentrated acids as have conmn only been 
used, such as strong HC1; 0'2 N HNG 3 , pH 0’7 ; or 1 per cent citric, pH 21 ; smee 
plants have no such strong solvent agents at their disposal. 

Perhaps the best reason for using equilibrium methods is that they may s«PP 7 
useful indications with the least expense of time and labor. A fair idea of the 
power of a soil to supply P0 4 may be quickly had m this way but at the same time 
the result may give an erroneous notion of the availability to plants of the P0 4 thus 

extracted, . 

Equilibrium methods. 

Ratio of soil to solution 7:5. -Usually 40 gm. of soil was placed in a 400-cc. 
bottle with 200 ec. of solution and agitated in an end over end shaker for three 


Some 

Very great 

Great 

Little 

Great 

Little 

Great 

Great 

Groat 



hours or more. The mixture was filtered on Whitman No. 12, 2-1 cm, folded filters, 
and after nearly all the liquid had run through, thv, solution was analysed. P0 4 
was determined by the molybdenum blue method about as described by Parker and 
Fudge (19), pH by color comparison, Ca by turbidity after adding (NH 4 ) 2 0. 4| Fe by 
color comparison after adding K 4 Fe(ON) G and HCL 

A single extraction of any soil by any solvent which changes the pH materially 
gives only a very incomplete picture of the character of the soil in regard to its 
power to supply phosphate under changing conditions. But by using three or four 
different concentrations of a dilute acid, much more is learned. In this, it is im- 
portant to note the pH of the solution removed from, the soil. This presumes that 
only dilute acids are used, so that the pH of the extract is never brought below 2. 

In this manner, more than 50 different soils have been examined. A few typical 
results are presented in Table 1, which gives the figures obtained with citric, oxalic, 
and hydrochloric acids of 0*005, 0*025, 0*050, and 0*100 normalities. This shows 
the great differences between different soils and also the different results given by 
the different acids of the same concentration on any one soil These figures indicate 
something of the buffer power of the soil, or its power to neutralize acid, how much 
acid is needed to reduce the pH of the soil to some lower point, and how much P0 4 
may be brought into solution at that pH. It is apparent that the amount of P0 4 
dissolved is closely related to the pH of the solution when simple acids such as HOI 
or UNO 3 and probably also C0 2 , are used. Citric and oxalic acids form soluble 
complexes with Fe f f f, and other cations, so have greater solvent effect than their 
concentration of hydrogen ion should give of itself. Oxalic acid is peculiar in that 
it removes Ca from solution at pH above 3. to 4, thus permitting more P0 4 to re- 
main in solution than would HOI, H 2 S0 4 , or HNO a . Also, citric, and oxalic acids 
are not appropriate because they must be removed from the solution before it is 
tested for P0 4 content by the molybdenum blue method. Carbon dioxide equilib- 
rium at ordinary atmospheric pressure has too small a concentration of hydrogen 
ion to be an active solvent. But when used continuously as in percolation with 
water saturated with C0 2 , it has great solvent effect since the products of reaction 
are continually removed, thus allowing the reaction to proceed to completion In one 
direction. This largely accounts for the great effects on the soil produced by rain 
water. 

Buffer power of the soil in relation to the solution of soil phosphates by dilute 
acids . — The figures appearing in Table 1 show how different is the effect of a dilute 
acid on different soils. It seems evident that instead of using the same arbitrary 
concentration of acid on all soils, an amount of acid should be used such that the 
pH of the extract will be the same for all soils. If this is accomplished the results 
should be properly comparable. The figures given in Table 1 may be plotted so 
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that by interpolation ot extrapolation the PO, soluble at any definite , pH, such as 4, 
may be inferred. Figure 1 gives such graphs for a fate soils and Table 2 gives . 
ot pH 4 for several soils. These figures seem to give a much better idea of the phos- 
phate-supplying power of the soil than do those found by the use 0 the same 
Lunt 5 »id for all soils, in which case the pH of the extracts often Mere 

S ” 0 Therc are two objections to tins method. Unless two points somewhere 
near pH 4 happen to be hit in the determinations, the figure inferred for pH 4 
may be wide of the truth, and this method requires the preparation and analysis o 
three or form solutions. To avoid these objections, it was »>nght to make the extrac- 
tion by the use of such an amount of acid that the extract would have a pH of 
approximately 4. This was found difficult to accomplish in a sunple practical way 
because when a soil is mixed with a dilute, highly ionised acid, the pH does not re- 
main at one point for more than a few minutes, and because it is necessary to make 
some preliminary experiments to indicate about how much acrdwillbe needed to 
bring the pH of the soil to any definite point. 



7 6 S -pH H 3 

Fig. I. Relation of P0 4 in Dilute Acid Extract to pH of the Extract. 




Soil 

number 


0*05 N Add 


0*005 N Acid 


0*025 N Acid 


p.p.m 


Citric 


Oxalic 


Citric 


Oxalic 


Citric 


Oxalic 


Citric 


Oxalic 


Citric 


Oxalic 
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The figures given in Table 3 show how rapidly the solution changes after acid 
has been added and how greatly soils differ in this respect when the highly ionized, 
slightly buffered HC1 is used. Addition of KOI, suggested by Trnog (24), to the 
acid did not give enough buffer effect to be of any advantage. When citric acid 
was used, its buffer power made the change in content of P0 4 of the solution much 
slower, but it is undesirable for reasons stated on page 440. Acetic acid is little 
ionized, highly buffered, and otherwise an appropriate solvent. Although the P0 4 
content of the extract made with this acid is less constant in some cases than when 
citric acid is used, it seems better adapted for estimating available P0 4 than any 
of the other common acids. Oxalic acid, suggested by Vanstone (25), is even less 
appropriate than citric acid. Some of the results obtained with acetic acid are 
given in Table 4. 

Table L 

P0 4 and pH in 1 : 5 equilibrium extracts of soils with citric % oxalic , and hydrochloric 

adds of four different concentrations. 
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Table 1 — wild. 



Probably a much larger proportion of solvent to soil would make it easier to 
hold the pH of the extract to some definite point. In Table 5 are shown some 
of the results obtained with 2 gm. of soil to 200 cc. of solution. Although the 
concentration of P0 4 in the extract is much higher in the 1:5 extracts, the amount 
dissolved from the soils is much greater in the 1:100 extracts. The greater propor- 
tion of wafer dissolves much more P0 4 from the soil. In the more dilute extracts 
the relative supplying power of the different soils is quite different from that found 
by the 1 : 5 extraction. But the latter represents much better the actual phosphate- 
supplying power of the soils as indicated by growth of plants on them. 

This brings out the point that in most soils only a small proportion of the phos- 
phate present dissolves in weak solvents at small dilutions. It sums reasonable to 
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think that the nearer the ratio of soil to solution is to the ratio existing in a soil 
where plants are growing, the nearer will the results for P0 4 represent the condition 

Table 2. 

P0 4 in 1:5 equilibrium extract of soils with dilute HOI, at pH 4 by interpolation. 

Fertility of soil Soil number PO* at pH 4 


Very fertile. 


Aledo, 111., and rock phosphate. , 

Aledo, 111,, not fertilized 

Very poor 


Exceedingly poor., 


l number 

PG 4 at pH 4 


p.p.m* 

10 

11 

30 

44 

40 

23 

65 

52 

36 

4*0 

37 

11*0 

38 

1*5 

68 : 

14*0 

45 

13*0 

46 

1*4 

64 

1*0 

m 

0*1 

66 

0*1 

69 

0*4 

76 

0*2 


with which the plant has to deal. The work of others, as well as some done during 
this study, shows that the concentration of P0 4 in water extracts of some soils is al- 
most the same regardless of the ratio of soil to solvent until large dilutions are reached. 
Results obtained in this study are shown in Table 6. 

The same thing is shown in Table 7, giving the results from extracting several 
soils with dilute acetic acid with four different ratios of soil to solvent. In this 
experiment, soils 64, 38, 89B, and 91A gave somewhat the same concentration of P0 4 
in the solution whether the ratio of soil to solution was 1/5 or 1/40. 

Soils 10, 30, 36, 68, 75 and 80 show increasing amounts of P0 4 extracted from 
the soil as the ratio of solvent to soil is increased, yet the increase in P0 4 is not equal 
to the increase in dilution. In Table 5 are some figures found by a dilution of 1/100, 
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and the other extreme is shown in Table 8, with a ratio of i/l. Pol jontaM A™ 

that the PO.ompldying power oHhe soil is mnch better represented by the I, 


Table 3. 





Change in 


Solution after filtering 


Time lor reaction 


0*1 N HOI added 


Soil number 


10 minutes 


5 hours 


24 hours 


72 hours 


10 minutes 


5 hours 


24 hours 


72 hours 


given in Table 7. Tie ctief reason for using a 1:5 ratio instead or a. 
solvent, is tiat it is nmei more convenient, and still tie dilution i 
tiat tie results are not applicable. 

Table 4. 

Change in j)H and PO& with time after acid has been added, 
80 gm. soil siaken with 400 cc. solution. 


Soil 

number 

Time for 
reaction 

0*1 N 
citric acid 

pH 

P0 4 in 
solution 

0*1 N' 
acetic acid 

pH 

P0 4 in 

solution 



cc. 


p. p* m. 

cc. 


p. p. m. 

10 

5 minutes 

70 

4*13 

8*0 

250 

*• I 

** 


75 minutes 


4*29 

11*4 


4*04 

12 


5 hours 


4*46 

11*4 


4*04 

10 


16 hours 


4*58 

11*4 


4*09 

8 


48 hours 


4*90 

11*4 


' ■' •• 
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Change in pH and PO 4 with time after acid has been aide 
80 gm. soil shaken with 400 cc. solution oontd. 


P0 4 ill 
solution 


0*1 N 
acetic acid 


P0 4 in 
solution 


0*1 N 
citric acid 


Time for 
reaction 


Soil 

number 


5 minutes 


75 minutes 


5 hours 


16 hours 


48 hours 


5 minutes 


75 minutes 


5 hours 


16 hours 


48 hours 


5 hours 


24 hours 


5 minutes 


Table 5. 

P0 4 extracted from soils by dilute acetic acid at approximately pH 


soil to 200 cc. solution shaken 1 hour. 


P0 4 in solution 
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The important points in the preceding discussion may now be summed up to 
show what facts and conditions should be considered in devising a method for 

Table 6. 

P0 4 in equilibrium extracts of soils with several different proportions of ordinary distilled 

water. 






Rati 

o of soil to water 





Soil 







\ 




number 

in 

1/2 

1/4 

1/10 

1/20 

1/50 

1/100 

1/500 

1/1,000 

1/2,500 





PC 

p.p.m. 

in solviiot 

J- 



10 

0*20 

. . 

0-20 


0*20 

.. 

0*16 

0*20 

0-12 

0-02 

30 

4*40 

. . 

3'60 


2-00 

• • 

0*70 

0*16 

0*02 

0 

- 36 

• . 

0*60 

; 

0*40 


0-24 

0*20 

0*16 

0*08 

0 

37 

i 

“ ! 

0*60 


0*60 

.. 

0-28 

0*12 

0*10 

0*04 

0 

38 

0*32 


0*40 


0*12 

• • 

0*20 

0*12 

•• 

0*06 

36 

; ** 

•• j 

0*04 

•• 

0*04 

•• 

0*06 

0*10 




Table 7. 

P0 4 in acetic acid extracts of soils with various weights of soil to 200 cc. of solvent mixture, 

shaken one hour before filtering. 
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i. i 


l : 

; I II 


i 

H 

it 

;l , f ii 

if - : 


! 

ijl 

m 

t r 

t. Hi 


PO 4 in acetic acid extracts of soils with various weights of soil to 200 go . of solvent mixture > 

shaken one hour before filtering — contd* 


Soil 

number 


36-< 


80s 


68 < 


U 


l 


Soil 

0T N 

H Ac 

pH 

PG* in 
solution 

Soil 

number 

Soil 

0*1 N 

H Ac 

pH 

P0 4 in 
solution 

gm. 

ec. 


p.p.m. 


gm» 

cc . 


p.p.m* 

5 

30 

3*96 

3-6 


r 

5 

20 

3*85 

1*4 

10 

46 

3*96 

4*S 



10 

25 

3*73 

1*8 





89B *s 






20 

80 

3*90 

6*2 



20 

30 

3*97 

1*2 

40 

145 

3-92 

8*0 


l 

40 

40 

4*01 

1*1 

5 

30 

4*16 

6*0 


r 

5 

20 

3*99 

1*4 

10 

45 

4*23 

9*0 



10 

27 

4-07 

1*2 





9IA s 






20 

75 

4*25 

14*5 



20 

42 

4*01 

1*0 

40 

140 

4*29 

20*0 


l 

40 

70 

3*97 

1*0 

5 

25 

3*75 

3*0 


f 

5 

23 

4*01 

4*4 

10 

35 

3*71 

4*4 


! 

10 

30 

4*05 

3*6 





92A * 






20 

55 

3*67 

5*4 


I 

20 

45 

4*03 

2*7 

40 

95 

3*65 

7*2 


l 

40 

73 

4*05 

1*5 

5 

30 

3*90 

12*0 


** 


•* 

*• 

10 

45 

3*96 

16*0 


** 

*• 

•• 

•• 

20 

75 

3*92 

27*0 


** 

•• 


** 

40 

140 

3*90 

40*0 



•• 





determining avaiiabilty of soil phosphates by equilibrium extracts and to give results 
numerically properly comparable 


Soils differ in power to neutralize acids?, “ buffer power.” Acids bring into solution cations which 
tend to remove P0 4 from solution between pH 3 and 8. 

Chemical reagents have not the selective power of plants, and plants have no strong solvent 
powers similar to strong acids. 

The best kind and strength of acid for estimating the availability of soil phosphates are not 
known, but it should not be a strong, highly ionized, slightly buffered acid, since such will not hold the 
pH or P0 4 constant for more than a few minutes. 

A highly buffered acid makes it much easier to hold a constant pH and approximately constant 
P0 4 , though in any case PO* in solution changes even if pH is held constant, but citric and oxalic 
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■4 

4 


i 


9 


V 



acids are not appropriate because they form soluble complexes with 0a* Mg, Al, and Jfe, thus prevent* 
ing them from having their normal effect on solubility of P0 4 at the corresponding pH. 


Table 8. 


Equilibrium extracts. 

200 gm. soil with 100 ce. dilute acid. 


Soil number 

0*1 N HCi used 

pH of extract 

P0 4 in extract 

Time allowed 
for 

reaction 


c.c. 


•p.p.m. 

tours 

IC 

60 

4*0 

1*6 

15 

30 

30 

4*0 

40*0 

4 

35 

50 

3*7 

0*2 

1 4 

36 

100 

4*4 

1*3 

15 

37 

00* 

5*2 

2*6 

15 

38 

55 

4*8 

0*4 

15 

64 

75 

4*2 

0*3 

15 

76 

30 

3*4 

0-8 

4 

79 

50 

3*8 

0*2 

4 


* N HC1. 

Acetic acid has not these defects, is well buffered, and is convenient. 

To be properly comparable, all extracts should have approximately the same pH, say 4, and all 
other conditions of making the extracts, such as time, volume of solution, and method of shaking, 
should be similar. 

Time required to reach equilibrium is not known but if 24 hours be taken arbitrarily, it will be 
sufficient for most soils and the results will be comparable for all. 

The amount of acid needed for any particular soil must be found by experiment. 

Most previous investigators have not controlled these conditions adequately in order to obtain 
properly comparable results. 

To avoid these difficulties as much as possible, the following described pro- 
cedure is proposed as being practical, easily executed, not very time-consuming or 
expensive, and as giving results properly comparable, as well as may be expected of 
any empirical procedure. 

Availability test for soil phosphate. A preliminary test is made to learn ap- 
proximately how much acid is needed to bring the soil to pH 4. Place 10 gm. of soil 
in a 100-cc. bottle with 10 to 20 ce. of water. Close the bottle with a soft rubber 
stopper and shake vigorously a few seconds. Eemove the stopper and press the end 
against a white porcelain plate, making a mud spot. Place a drop of suitable 
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This gives a good indication of the pH of the soil, 
the mud in the bottle, shake again, make another 
— continue until a pH of 4 is obtained, 

i. Next calculate how much acid will be needed to 
To each of three 300-cc. bottles add 40 gm. of soil 
One bottle should have about half as much acid as is 
, one bottle should contain the estimated amount 
than that amount of acid, but the total liquid 


indicator on the mud spot. 

Now add a little 0‘1 N HAc 
mud spot, and determine the pH. In this way. 

This requires only a few minutes. 

bring 40 gm. of soil to pH 4. 
and 200 cc. of dilute acid, 
calculated to bring the soil to pH 4, 
and the other considerably more 
should be the 6ame in all three. 

Shake the bottles in an end over 
over night, then shake again for 3 to 4 h 
tive, and unlikely to give comparable 
the contents of the bottles upon fiutec 

moistened with dilute HC1 and washed free of acid by water, so 
change the pH or P0 4 content of the extract, 
rejected. After the remainder is 
estimated by the molybedenum blue method. 

In this way, three values of pH and P0 4 for each soil are 
may be plotted ; then from the graph, the P0 4 of the soil at exactly pH 4 may be 

This test gives information in regard to the buffer power of the soil, how it will 
be affected by acid, and how much P0 4 will be dissolved at pH 4 or some other 

convenient point. , . 

Rate of solubility curve. By using several different ratios of soil to solvent, 

Vanstone (25) derives from the results a curve indicating the relative availability of 
soil phosphate. In his examples, the chemical tests seem to agree fairly well with 
field results. Similar results are given by Simon (22). In applying this method to 
several of the soils used in this work the results do not show the same availability 
of soil P0 4 as is shown by pot and plot tests with plants. The laboratory results 
are set out in Table 6. Just as in other equilibrium studies, the figures obtamed 
for most soils show fairly well the relative availability of the soil P0 4 . But some 
marked exceptions with all these methods greatly reduce the value of the results as 
a means of estimating the fertility of an unknown soil. In this respect the 
Vanstone method seems no better than most other equilibrium methods. In all the 
modifications of this method here tried, the results obtained for soils 38, 64, and 80 
do not agree with results of pot cultures. In the latter, soil 38 has generally shown 
a good availability of P0 4 to tomatoes, alfalfa, and barley, whereas soils 64 and 80 
fail to give satisfactory crops without added P0 4 , yet the chemical equilibrium tests 
indicate that these soils contain more available P0 4 than soil 38. 


end shaking machine for 5 hours, let stand 
>urs. Shaking by hand is much less effec- 
results. After the shaking is finished, pour 
filters. The filters shouid be previously 
that they will not 
Some of the first of the filtrate is 
collected, the pH is determined and the P0 4 is 
Parker’s (19) procedure is followed. 

found. These figures 



AVAILABILITY OF BOIL PHOSFAHTE IW 

Percolation methods . 

The percolation method of extracting P0 4 from a soil is more like the action 
of plants than the equilibrium method, since it removes from, the soil the products 
of the action of the solvent, and thus permits the reaction to go toward completion 
in one direction. In beginning this study, it was hoped that percolation methods 
would give some measure of the power of a soil to renew P0 4 in the soil solution 
after the easily soluble P0 4 had been removed. J. W. Tidmore and L. Meyer, work- 
ing independently in this laboratory, at abont the same time sought to attain the 
same end by different methods {see p. 199). 

The methods, described in the following, have been in use here for three years, 
have been applied to hundreds of different soils, and have given results in most 
cases according fairly well with the character of the soil as shown by growth of 
plants in pots or in the field. 

Two concentrations of acid, 0.001 N and 0.05 N, have been used. The pro- 
cedure is essentially the same with both, though the apparatus used with the more 
dilute acid is capable of much more precise control so that the results are more 
easily reproducible. 

The details of procedure are about as follows, so far as the soil is concerned. 

Twenty grams of the soil is placed in a filter tube 48 mm. in diameter. The 
soil rests on a bed of filter paper pulp 5 to 8 mm. thick, supported on a filter plate. 
If the soil is fine in texture, some acid- washed white sand is mixed with it to aid in 
percolation. This sand is quite fine, nearly pure quartz. It has a slight fixing 
power so that a small amount of P0 4 is retained by the sand when a dilute solution 
is passed through it. However, it was found that after 1 litre of 0.001 N HG3 had 
been passed through it, practically the whole 0.2 mgm. of P0 4 added to the sand 
was recovered. So there is no fear that the sand will retain any of the P0 4 ex- 
tracted from the soil. 

When the filter tube with the soil and with added sand, if necessary, is set up 
it is connected with an elevated reservoir of the dilute acid by a pressure tube about 
1*6 m. long, and the acid is allowed to percolate through the soil at the rate of about 
1/3 liter an hour continuously for about 20 hours until very little P0 4 is found in 
the percolate or until a definite volume of percolate has been collected. Originally 
the percolation was continued until nearly complete extraction of the P0 4 soluble 
in that reagent was obtained. Lately the procedure has been standardized so that 

7 litres of percolate are taken for each soil. 

Percolation with 0.001 N HCl. With this procedure, the percolate is collected 
in a train of litre bottles in such manner that the contents of the seven bottles 
represent successive stages in the extraction. The percolates are analyzed 
separately so that the rate of extraction of P0 4 , and the Ca and the pH of each 


■ ■ ■ 
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maybe determined. When A. » «* up “ “‘fffj* 

1B L. automatically without attention except «ee that the supply leser 

Table 9. 

PQ l extracted from soils by percolation with O.OUl N and 0.0b N HCl. 

P0„ in successive 1 -litre portions of percolate ^ ^ ^ 

Soil Aeld^ — — ~ " tracted in soil 

number normality g 3(4 5 6 7 


p.p.m. 

^ 0.001 1.50 

l 0.05 17.00 

r 0.001 3.00 

\ 0.05 18.00 

r 0.001 5.00 

\ 0.05 20.00 

r 0.001 2.10 

( 0.05 6.40 

r 0.003 5.00 

( 0.05 22.00 

( 0.001 0.14 

( 0.05 0.40 

( 0.001 0.75 

( 0.05 11.00 

^ 0.001 1.10 

l 0.05 10.80 

r 0.001 0.40 

( 0.05 4.00 

r 0.001 0.68 

( 0.05 8.00 

C 0.001 0.88 

1 0.05 16.00 


4 

5 

6 

7 

p.p.m. 

p.p.m. 

p.p*m. 

p.pjn. 

2.65 

2.50 

2.00 

1.65 

0.30 

0.30 

0.20 

0.10 

3.20 

1.60 

0.80 

0.52 

0.54 

0.54 

0.54 

0.40 

2.00 

1.10 

1.00 

0.90 

0.30 

0.30 

0.10 

0.10 

1.20 

0.80 

0.60 

0.5 

0.22 

0.20 

0.14 

0.10 

2.80 

2.00 

1.40 

1.0 

0.20 

0.10 

0.10 

0.0 

0.08 

0.06 

0.04 

0.04 

0.08 

0.07 

0.06 

0.04 

1.65 

1.65 

1.40 

1.25 

0.34 

0.29 

0.25 

0.20 

1.10 

1.10 

1.10 

1.10 

0.20 

0.16 

0.12 

0.08 

1.44 

1.16 

0.50 

0.40 

0.31 

0.25 

0.20 

0.16 j 

1.44 

0.88 

0.88 

0.88 1 

0.70 

0.60 

0.40 

0.40 

2.00 

1.60 

1.10 

1.00 

0.10 

0.10 

0.06 

0.04 


Total ex- Total 
tracted in soil 


Available 


mgm . 

15.75 

19.30 
18.92 

23.76 

17.10 

22.30 

8.35 
9.16 

22.80 

24.80 

0.64 

0.91 

10.35 

13.40 
7.75 

13.30 
5.94 
6.40 
7.96 

14.10 
11.00 

19.40 


p,p,m, per cent, 
787 1 


965 ) 
946 £ 

1,188 ) 
855 | 
1,115 ) 


1,140 I) 
!f 

1,240 I ) 

32 K 
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Table 9 —wntd. 


P0 4 ext 'moled from soils htj percolation with 0. 001 N mil Offi* N I I (H- 

P0 4 in sucee&sire I -lit rc porti ons of percol ate 

Acid I | Total ox- T 

normality 1 2 3 4 C 0 7 « rn.-i »l in 


Soil 

number 


0.05 

0.001 


When one soil is 


voir of dilute acid is kept filled 

quickly replaced by another, a new set ot collecting Dotues is set m position an" 
the process continues without further attention. 

It is obvious that in order to have truly comparable results with different soils, 
all variables except the soil, should be kept out of the procedure. This is fairly wel 
done by the apparatus used. It has been more, fully described in another paper (13), 
The rate of flow of the dilute afcid through the soil varies somewhat from moment tc 
moment, but averages very nearly 1 litre every three hours. Starting with 20 gm, 
of find nearlv all the I’O, soluble in 0.001 N acid is extracted from good soils bv 


Percolate 

number 


yp.p.m, 


I p.p,m 


m.p.m. 


p.p.m, 




Soil 64 


Soil 38 


Total ex- 
tracted 

Total 
in f*oil 

llPjM, 

p.pjn. 

0.31 

15 

?.:u 

115 

0 

0 

0.17 

s 

7.0 » 

10.20 ' 

355 

810 




Percolate 

number 
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Table 10 — contd. 

Analyses of soil percolates made with 0.001 N HOI contd. 

pH I Ca PG 4 pH Ca P0 4 pH Ca PO. pH Ca P0 4 


Soil 30 


4.6 12 5.00 


pH 

Ca PQ 4 


p.p.m. p.p.m. 

Soil 10 

6.2 

4 1.60 

5,6 

5 2.65 

4.4 

7 2.80 

4.2 

7 2,65 

4.0 

7 2.50 

3.7 

4 2.00 

3.4 

3 L65 

114 mgm. CaHPO 0 


2H 2 0 

3.6 

. . 66.00 

3.0 

6.20 

3.0 

0.96 

3.0 

0.34 

3.0 

0.26 

3.0 

0.24 

3.0 

0.22 


pH 

Ca 

P0 4 

1 

p.p.m. 

p.p.m. 


Soil 80 

1 



3.3 1 4.40 

3.2 0 2.70 

3.2 0 2.00 

3.0 0 1.10 

3.0 0 0.95 

3.0 0 0.90 

66 mgm. C , a 3 (PO. J ) 2 


Soil 37 Soil 80 

6.8 5 1.10 5.2 6 0.88 

6.2 7 1.15 6.2 6 1.76 

5.4 12 1.10 4.2 14 2.00 

5.4 15 1.10 3.8 10 2.00 

5.4 12 1.10 3.4 6 1.60 

5.4 10 1.10 3.0 3 1.10 

5.2 8 1.10 3.0 tr. 1.00 


0‘2 gm. white rook 
phosphate 


0‘2 gm. black 
rode phosphate 


15 25.0 

12 21.0 
8 15.4 

13.5 


15.6 3.4 

10.8 3.0 

7.3 3.0 

6.6 3.0 

6.3 3.0 

5.6 3.0 

5.3 3.0 


less available condition. The rate of flow being nearly constant, and the aliquots of 
percolate being of the same volume, the results for different soils are thought to be 
properly comparable. The figures obtained for a number of soils are set out m 
Table 9, which also gives the figures found when 0.05 N acid was used. The figures 
reveal the great difference between soils as to solubility of P0 4 . Some, such as 10, 
36, 38, 65, have considerable buffer power so that much of the free hydrogen ion of 
the first litre of acid passing through the soil is neutralized with the result that there 
is little change in pH of the soil and consequently little P0 4 dissolved. As the 
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.IN 

Percolate 


Liters of Percolate: 

Fig. 2. P0 4 in Extracts made by continuous percolation with 0.001 N HC1 

Other soils, such as 30, 53, 68, have little buffer power and this is soon overcome by 
the dilute acid so that the highest concentration of P0 4 is found in the first litre of 
percolate, and rapidly decreases thereafter. At first, it was thought that this indi- 
cated how the soils would respond in supplying P0 4 to a growing crop. Experience 
has not yet shown whether or not this is true. 

In the use of this method, it is a very simple matter to determine Ca by tur- 
bidity and pH by color comparison in the separate bottles of percolate. Prom 
1 to 2 hours’ t im e is enough to make all the tests for two soils, in the 14 bottles. 
This information often helps much to understand the nature of the soil. Table 
10 presents some of the figures thus found. Most of the easily soluble or replaceable 
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Ca, presumably Mg also, is soon removed along with the easily soluble P0 4 . men 
f.he soil contains much CaCO a , this neutralizes the acid and prevents lowering .of 
pH, so P0 4 is not so rapidly extracted. This is shown by soil 37 which contains 
1 per cent. Ca00 3 . Some soils such as 35 and 59 contain a fair amount of P0 4 , >ut 
it is practically insoluble in 0*001 N acid. In sueb soils, usually the amount found 
in the percolate increases slowly for some time as the volume of percolate increases. 

Tn these, it seems probable that the P0 4 is combined with Fe or A1 in such manner 
that it is not soluble in 0*001 N H01. When the P0 4 is combined with (V it is 
easily dissolved by this acid (Table 10, in which the action on CaHPO, and 
Ca,(P0 4 ) 2 and on two rock phosphates is shown). In this work, HCl is the acu ' usee, 
because of its convenience and the easy solubility of its reaction products HN0 3 
works in the same way and is more to he expected in the soil solution, but it is 
likely to interfere in the colorimetric estimate of P0 4 . HCl of 0*001 N strength has 
a pH of about 3, somewhat similar to that of water saturated with C0 2 and perhaps 
not greatly different from the pH of the sap of some plants. It has very little 
action on soil silicates or zeolites except to replace imperfectly Ca, g, a anc. V. 

Percolation with 005 N HCl. This concentration of acid was selected because 
it s etflofi strong enough to remove from the soil all the P0 4 that plants are likely to 
be able to extract within many years. It almost, completely replaces bases, Ca, Mg, 
NaandK. It completely extracts P0 4 from Ca 3 (P0 4 ) 2 and from ordinary rock 
phosphates. It dissolves some iron and silica, usually very little from ordinary 
soils. In order to carry the extraction of P0 4 to completion with 0*05 N acid, the 
dissolved substances must be removed so that the reaction can go to completion m 
one direction. This is accomplished by continuous percolation. 

The concentration of hydrogen ion in this acid, about pH 1*36, is sufficient to 
overcome quickly the buffer power of 20 gm. of ordinary soil so that the larger 

portion of the available P0 4 is removed by the first litre of percolate. Succeeding 

litres of percolate contain less and less P0 4 , as shown in Table 9. On account of the 
rapid removal of the P0 4 by this acid, little useful information is obtained bytesting 
each litre of percolate separately, so the whole is collected together. Some relatively 
infertile soils still give up appreciable amounts of P0 4 to 0*05 N HCl after 7 litres 
have percolated through 20 gm. of soil at the rate of 200 to 300 cc. an hour. This 
is true of soils 35 and 64, and of 59 to which considerable amounts of superphos- 
phates have been added. Very little P0 4 is extracted from untreated soil 59. In 
many cases the amount of P0 4 extracted by percolation with 0*05 N HCl fairly well 
represents the capacity of the soil to supply P0 4 to crops, but perhaps not as well as 
the 0*001 N percolate. 

Since carbonic acid is perhaps the most, important in its effects of any free 
acid usually found m the soil, it would seem reasonable to use this agent for ex- 
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tracting P0 4 from the soil For this purpose, a modif5.eation of the apparatus 
used for percolating with 0*05 N HOI was made Li order to use water saturated 
with 00 2 under a head of about 1*5 m. of water. The gas was caused, to bubble 
into the lower end of the column of water which was flowing to the percolator. 
From the top of this column, the C0 2 passed into the reservoir ‘which supplied 
the water so that the water was kept saturated with the gas at all times, at that 
temperature and pressure. The pH of this solution as it passed to the soil in 
the closed percolator was about 3, like that of 0*001. N HOI. but the total acid- 

Table 11. 

P0 4 extruded from soils by various solvents , and by different procedures. 


P0 4 In' solution at 1 : 5 equilibrium with acids 


Equilib- 
rium 

insolation with with 
water. 


Soil T f al 
numbcr fusion 


Hermality of citric 
acid 


Normality of HO! 


ity, found by titration, was about 0*05 N like that of the HC1 used in the same way. 
In other words, little of the CO„ was ionized, the solution was highly buffered, and 
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, , , , , , r .. A r, at tjoi T n Table 11, column 5, are given 

its solvent power approached that of • ' ’ y ghice it is very 

a few figures showing the results obtained by **?»<*** ^l.^m ^ ^ 
inconvenient to use, and the results it gives are ^ ^ ^ solut ion of 

obtained with HOI, its use was not long -continued. ^ {r( , m the 

OO a entering the percolator had a pH of about V the ^ 

percolator, when the pressure no longer cun . met , it 1 ^ solvent power was 
More dilute solutions of CO* in water were tried hut _ tliai sol ^ ^ 

so little that they seemed impractical. Water ^SedtUui a mass of 
is about that of ordinary distilled water, must b e w ffl be re- 

20 gm. of good soil for many days m <n * f r u ** ^ ' F tlie practical pur- 
moved by 7 litres of 0.001 A containing none or only 

J^^tive. ^ A greater concentration of Hydrogen ion 

Zn can be hail in this way* soils * a 

In Table 11 are presented the results ol analyse . s1 , rell gths. There 

number of different ] „ ,, . . i pn found by fusion, and by 

« 2S>t *• w« ‘r 4 

rr: t ts 

r;is — . - — — *■ — 

Table 12. 

POi extracted by pereolatin g with ordinary disMed — , — _ 


Soil number 


TO, in soil 


The same apparatns and proe« 3 m ^ ^ ^ there was still much PO* in the last percolate, 

V ° ] "“® tlesoU ^as’not nearly exhausted of *ater-solufale P 0 4 by this method. 

^rngtl atth Equilibrium extracts with dilute weak acids supply 

s. The best indication is «. ** to J *7 *“**“ 
h mty dilute acids. This will be considered m more detail later. 
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Relative solubilities with different solvents, The amount of PO fl extracted from 
soil by any of the aforementioned, methods, either by equilibrium or by percolation, 
does not always indicate whether or not flic P0 4 tints obtained will bo supplied to 
plants by the soil in such manner or rate that it will support good growth of crops. 
Other students of this subject have reached a simiLir conclusion. To provide a 
more reliable or adequate notion of availability, tlie factor '“relative solubility has 
been introduced. One of its most prominent advocates is Lemmermann (14)., who 
has contributed numerous papers on this subject. He extracts soil with hot 10 per 
cent. HOI and with 1 per cent, citric acid. W hen the PO* extracted by the latter 
is less than 25 per cent, of that dissolved by the H Cl he considers that the soil is 
likely to respond to phosphate fertilizers. In this laboratory, a number of soils 
treated by this method gave results not in accord with their behavior in pot cul- 
tures. It may be that the amount and concentration of the acids used by Lein- 
mermann are not well adapted to our soils. The principle seemed worthy of further 
study. It was applied to a number of combinations of different solvents without 
giving results of much value, except in one case. The results are given in 1 able 13. 

The Lemm.erm.ann numbers shown in this table in the column headed 100 G/B 
show some of the soils in their proper relations, but others are fax from correct ; e.g, 
59, 64, 78, the poor soils, are made to appear better than they really are. In the 

Table 13. 

Relative solubilities of soil phosphate . 


RELATIVE SOLUBILITY 
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C=p.p.m. POj in soils found by equilibrium 0.2 N citric acid (see Table 11). 

D=p.p.m. P0 4 In soils found by percolation with 0.05 if HOI (see Table 9). 

E=p.p.m. P0 4 in soils found by percolation with 0.001 N HC1 (see Tab e ). 
column headed 100 D/A the valuations are more nearly right although m , 

38 and 64 are not in proper relation s each other. In the column headed 100 Jh/14 
38 and 64, as well as all the others, receive correct values. 

Relative solubility of soil PO, inO'OOlKand in 0‘05 N HOI by pereolaUon. 
In all cases so far observed, it is found that if the P0 4 extracted by percolation 
with 0.001 N HC1 is less than half as much as is found by similar treatmen wi 
0-05 N HC1, the soil is likely to be deficient in power to supply p osp a e o p am . 
On the other band, good soils give up nearly as much P0 4 to the weaker as o e 

stronger acid. The results for a number of soils are given in Table 9 m the last 

column whinb is shown the percentage of P0 4 by percolation w 


column of which is shown the percentage — » - - 

0-001 IV HOI of tie .mount found by 0.05 N HCi. Tto gives so* 64 and 80 o 
low ratio of availability of P0 4 although the amounts extracted are higher than f 
soil 38. which gives good results in pot cultures without added P0 4 . whereas 64 a 
80 require phosphate in order to produce good crops. When the absoiute amou 
of P0 4 extracted by either of these acids is very low, as in soil 78 A,, crops P 
to added phosphate even though the relative solubility of that ongma y presen is 

high. 

Table 14. 

Phosphate-s upplying power of soils. 

As related to particle size— per cent, clayxp. p. m. P0 4 extracted wit 0. < 

7 _ 


Soil number 


"J x 

Clay 

P0 4 

per cent . 

42 

p.p.m* 

680 

5 

525 

7 

1,197 

29 

140 

30 

39 

418 

494 

52 

320 

31 

1,430 

40 

100 

4 

500 

42 

175 

37 

860 

40 

490 

48 

tr. 

10 

350 

32 

1,170 

42 

6 

12 

1,000 

50 

12 


Clay X P0 4 




I 
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Amount of phosphate in various sized particles* 

An attempt to explain the relative fertility of soils 88 and 64 on the basis of the 
amount of P0 4 in large and small sized particles gave no useful information. The 
soils were separated into sand, silt, and clay fractions by sedimentation in water. 
The P0 4 in the various fractions was determined but the figures obtained were so 
similar for the two soils that the differences seemed inadequate to explain the great 
difference between the two soils respecting available phosphate as indicated by the 
growth of plants. 

It is evident that the physical texture of a soil may greatly affect the avail- 
ability of the soil phosphate. A fine textured soil has vastly more points of contact 
for plant roots than a coarse soil, so that a much lower concentration of P0 4 in the 
fine soil may furnish a more adequate supply to plants than would a coarse soil 
having a much higher content of P0 4 m its larger particles. 

Failyer, Smith and Wade (10) indicate that in most of the soils examined, the 
concentration of P0 4 in various sized particles is greater as the size of the particles 
is smaller. 

An attempt was made to correlate the availability of soil phosphate with the 
proportion of fine material in the soil. The percentage of clay in the soil was 
multiplied by the number of parts per million of P0 4 found by percolation with 
0,65 N HCL In general, the higher the figure thus obtained, the greater is the 
amount of available P0 4 in the soil. But the availability of P0 4 in some sandy 
soils such as 30 and 68, is much underestimated by this method, whereas soils 38 
and 64 receive a relatively proper value. The figures obtained by this calculation 
are shown in Table 14. 

Table 15. 


Comparison of phosphate extracted ly equilibrium and by percolation 





P0 4 in 

soli 








Percolation extracts. 

Soil number 

Equilibrium extracts, 1 

: 5 with 

1 : 10 with 

with H01 





0.2 JN JIJNU 3 




1 0.02 N HC1 

0.20 N citric 

1.0 N HC1 

Fraps method 

| ' 0.001 N 

0.05 N 


p-p.m, ; 

p.p.m. 

p.p.m. 

p.p.m. 

p.p.m. 

p.p.m. 

1C 

50 

66 

200 

400 

787 

965 

30 

166 

88 

310 

1,120 
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Relative amounts of phosphate extracted from soils in equilibrium extracts compared 
with amounts found by percolation with different acids. 

The data shown in Tables 11 and 12 permit a comparison better shown by 

recombination of the figures in Table 15. 

It is apparent that the amount of P0 4 extracted increases as the strength of the 
acid is increased and that very much more P0 4 is obtained by percolation with 
the dilute acids than in equilibrium extracts made with much more concentrated 
acids. Exceptions are soils 35 and 59 A which have relatively very little available 
phosphate. Such soils would show no available P0 4 to the dilute acid used m 
percolation if it were not for the large volume of acid used in percolation. 

It appears to be a general law with respect to solubility of soil phosphate that 
P0 4 dissolved increases as concentration of hydrogen ion increases, and also as the 
volume of solvent is increased. 

From Table 11, it may be seen that there is no relation between the total P0 4 
in a soil and the available P0 4 extracted by dilute acids. 

Effect of several salts on solubility of soil phosphates. 

To 100 cc. of water were added 50 gm. of soil and 1 gm. of the salt. After being 
shaken 1 hour, the mixture was filtered and the filtrate tested for P0 4 . Soils 1C : 36. 
37, 38 were used in the experiments. When FeS0 4 , CuS0 4 , and CuCl 2 were used, no 
P0 4 was found in the filtrates. 

With NH 4 C1, (NH 4 ) 2 S0 4i NH 4 N0 3 , OaCl 2> CaS0 4 , BaCl 2 , NaCl, Na 2 S0 4 , KC1, and 
K 2 S0 4 there was about as much P0 4 in the extracts as with distilled water alone. 
Ammonium oxalate and ammonium citrate gave extracts containing about 10 times 
as much P0 4 as did distilled water. 

There seemed to be no useful information obtained in this way, so the study 
was not long continued. 

Methods fboposed by othees. 

In the course of this study, several methods proposed by others have been 
studied briefly. The work of von Wrangell and collaborators (27, 28, 29, 30, 31) is 
most instructive. Time and suitable equipment have not been available to the 
writer to repeat or verify the very interesting, painstaking, and fundamental work 
of these investigators in respect to soil phosphates and their availability to plants. 

Von Wrangell’s worh. 

Shortly after the main group of papers from these workers were published, there 
appeared in Chemical Abstracts brief mention of them, but these abstracts did not 
make evident the importance of the work done. Indeed, it seems probable that 
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few except German workers in this field have yet heard of, or become impressed by, 
this work. The writer did not know of it until after the work here reported was 
done. The con elusions of von Wrangell seem to fee supported by such work done 
in our laboratories as lias any bearing on the subject. 

The chief factors to be. considered in evaluating the ability' of a soil to supply P0 4 
to growing plants have been very well enumerated by von Wrangell (27, p. 6;V7) ; 
(a) The kind of plant, (h) presence of lime salts, (c) effects of electrolytes and organic 
substances in the soil, (d) the reaction and absorbtive power of the medium in which, 
the plant grows, (e) action of microflora. Also it is important to know- the time rate 
at which, a soil will regain its original concentration of P0 4 , after it has been depleted 
by extraction with water or by growing plants. 

In executing the von Wrangell method, 1 gm. of soil is shaken five hours with 
100 cc. of water. The solution is clarified by centrifuging, the clear fluid is siphoned 
off, and the soil is again shaken w T ith 100 cc. of water as at first, and thus a second 
extract is obtained. Sometimes further extractions are made in the same maimer. 

The P0 4 found in the two extracts is designated a and 6. then by the formula 
a 2 /a-b = x, is found the total available P0 4 in the soil. If the necessary machines 
are available the method is short, simple, and convenient. Prof, von Wrangell 
states that the results obtained are in good accord with the results of pot cultures 
and field tests. 

The writer attempted to obtain similar results bv separating the soil extract by 
filtering, as a suitable centrifuge w r as not available. This makes the method 
tedious and less exact than that proposed by von Wrangell, but the results 
seemed to agree, for most of the soils tried, with the known character of the soils in 
respect to capacity of the soils to supply phosphate to plants. If this method is 
found by general experience to prove as reliable as its author predicts, it will, per- 
haps, replace most other methods now in use. 

For estimating the availability of phosphate in calcareous soils, Das (6) has 
suggested the use of potassium carbonate. Such a reagent may hydrolyze iron and 
aluminium phosphates, making P0 4 soluble, also replacing Ca in CaHP0 4 , thus 
bringing P0 4 into solution. Such an alkaline reagent also dissolves much organic 
matter, including some organic phosphorus. It is difficult to separate organic from 
inorganic phosphorus, also the solution, is troublesome to prepare for analysis by 
the molybdenum blue method. Some trials of the methods in this laboratory indi- 
cated that the results obtained fey it have little relation to availability of the 
phosphate in nearly neutral soils. 

The Neubauer (15) method for determining the availability of soil phosphate 
has not been investigated during this study. It is a plant culture, not a chemical 
method. A good comparison of the Neubauer and Lemmermann methods is given 
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by Engels (9) and by Blanck (3). In this country, Neubauer’s method for potas- 
sium has been studied by Ames and Gerdel (1), and by Haley and Ilolben (12). As 
applied to phosphate, there seems to be no published report of work with the method 

in this country. , T rl 

Arrhenius (2) proposes to extract the soil with a 1 per cent, solution of JNaU 

containing enough H„S0 4 to make the solution about 0.002 N in hydrogen ion. As 
might be expected, the writer found that the P0 4 thus extracted is about the same 
as if the dilute acid alone were used. This method does not give proper relative 
values to the power of the soils examined to supply plants with available P0 4 . 

Dirks and Scheffer (7) add to 100 gm. of soil, 1 gm. ('aC0 3 and 250 cc. water, 
then pass C0 2 through the mixture. After some hours, P0 4 ^ is determined m the 
filtrate. The” results obtained in this laboratory by this method were not m agree- 
ment with i:he results shown by plants on the same soils. 

Christensen (5) has proposed the use of Azotobaeter as an indicator for avail- 
ability of soil phosphate. His method has been modified and used by Hildas and 
others (16, W 18). A trial of it in this laboratory failed to give useful results. Yet 
Winogradsky (26) says it gives reliable results in 85 per cent, of the tests. 

Dyer (8), in 1894, proposed 1 per cent, citric acid as an agent for determining 
available soil P0 4 . Much useful information has been obtained in this way, yet 
the results are not always satisfactory. 

Many investigators [ notable among them is Praps (11)] have used 0*2 A 
HN0 3 for det erminin g the availability of soil phosphate. Some have used much 
stronger acids, e.g. Lemmermann who used hot 10 per cent. HC1 compared with 1 per 
cent. °citric acid to give his factor for “ relative solubility ” as already explained 
(p 193). To the writer, it seems that the use of so drastic a reagent as hot 10 
per cent". HClto extract available P0 4 from soil is unlikely to indicate the behaviour 
of the soil with growing plants. 

The opposite extreme is found with those who use water only to determine P0 4 
in soil. Various ratios of soil to water have been tried, ah the way from the dis- 
placed soil solution as obtained by Burd and Martin (4), to the 1 to 100 ratio used 
by von Wrangell. Undoubtedly the soil solution indicates what the plant has to 
deal with at the time the extract is made, but since the soil solution may change 
from day to day, it does not show what the plant can obtain from the soil over a 
considerable period of time. This might be expected, since only a small amount 
of soil phosphate which is available to plants from soils having a good supply of 
available phosphate, is dissolved in the soil solution at any one time. The same 
is probably true in regard to soil extracts made with larger ratios of water to soil 
unless it be that when the ratio is wide, as in the method of von Wrangell (1 soil 
to 100 water), all the easily available P0 4 is brought into solution. 



availability of soil mosphate 


Meyer, a collaborator with von Wrangell (31), obtained somewhat useful results 
in this laboratory in 1927 by making repeated extractions of the same small por- 
tions of soil with, 100 times as much water, a variation of the von Wrangell method. 
The plotted results gave a curve indicating fairly well the availability of the soil 
phosphate. 

At about the same time. J. W. Tidmore in this laboratory made successive 
diffusions of a small amount of soil in collodion bags suspended in water, by the 
method of Pierre and Parker (20). The amount of P0 4 found in the successive 
diffusates was plotted to produce a curve which indicated fairly well the ability of 
the soil to supply phosphate to plants. The process was prolonged and tedious 
though not requiring a great deal of time or attention from the operator. Much 
time was required because a considerable fraction Y>i the P0 4 dissolved by the water 
remained in the collodion sack with the soil each time when the diffusate was re- 
moved from the outside container. Although the figures obtained by Meyer and 
by Tidmore in most cases gave a useful indication of the power of the soil to supply 
phosphate to plants, the results were not always in. accord with the growth of plants 


Conclusions, 


In the opinion of the writer, a satisfactory estimation of the availability of soil 
phosphate by extraction with any one solvent of whatever strength, will not, in some 
cases, be possible. Relative solubility and the total P0 4 dissolved in two solvents 
of quite different strength, but neither of ‘them strong enough to cause much de- 
composition of the soil, provide figures much better indicating the capacity of the 
soil to supply plants with phosphate. 

A fairly reliable estimate of the phosphate-supplying power of an unknown soil 
may be most easily and quickly obtained by analysis of the extract made by the 
acid of a dilute acid which has been added in such amount that the extract will have 
approximately pH 4. When there is some uncertainty in regard to the availability 
of the phosphate thus found, the more certain, as well as more laborious, method of 
“ relative solubility " should be applied. 

The equilibrium test will at once indicate the very poor and the very good soils, 
with the least time and expense. The percolation tests will give more reliable infor- 
mation in uncertain cases. 

The only certain means of determining the response of a soil to fertilizers lies 
in the actual trial with plants in greenhouse or field. 
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Some reasons why a satisfactory estimation of the availability of soil phos- 
phates by chemical methods is difficult are : 

Phosphate found in soils is mostly present in relatively slightly soluble combinations, so that the 

f»nn titration in fciic soil solution is never lii£pi» , , 

Plants have selective action in absorption of nutrients, and also it seems proba e urp an ^ 
able to take up ions such as P0 4 , K, perhaps others from films of solution not represented by 
prepared in the laboratory. 

No chemical agent can imitate these effects of plants on soils. 

Many soils have such high fixing power that an easily soluble phosphate added to them quick y 

fixed thus becoming more or less unavailable to plants. 

Deficiency of other necessary plant nutrient in the presence of sufficient phosphate or presen 
of excessive amounts of soluble salts or toxic substances in the soil, may cause the failure o p.an . 

Test of a soil some time after phosphate has been added and after plants have grown on 
quent to addition of tne phosphate cannot show the condition of the soil with whic • epan' a 
deal at the start. ^ # 

Equilibrium, 1:5 extracts of soils with dilute acids provide the simplest an 
quickest means of obtaining some idea of the available phosphate, although such 
extracts do not always give a correct idea of the relative power of different soils 
to supply phosphate to plants. Extracts made with three or more different con- 
centrations of an acid give a much better picture of the available P0 4 than is ob- 
tained by any single extract. Extracts thus made show only the P0 4 available at 
the time of extraction, not the relative supplying power of the soil for any great 
length of time. 

Citric and oxalic acids, because they form soluble complexes with b e, Al, Oa, 
and Mg (the cations which tend to repress solubility of P0 4 ), are not appropriate for 
determining the availability of soil phosphates. 

A solution of C0 2 in water would be very appropriate for the purpose if it were 
easily possible to duplicate conditions at will, but its application is too difficult. 

Dilute K 2 C0 3 hydrolyzes some phosphates and thus brings P0 4 into solution, 
but the results do not seem to have much bearing on availability. 

If results of tests of different soils are to be compared, the buffer power of the 
soil must be reckoned with. The amount of acid used in making an extract should 
be varied according to the buffer power of the soil so that the extracts of all soils 
will have the same pH, e.g. 4. This means that some soils will need two or three 
times as much acid as others to have an extract with pH 4. 

Since it is difficult to prepare a soil extract of exactly pH 4, or other definite 
figure, the P0 4 dissolved at any such definite point may be found exactly, by 
rpak-ing three extracts with three different concentrations of acid, plotting the results 
and from the graph finding the P0 4 at the desired pH. For this purpose, a highly 
buffered acid is desirable. Acetic is very appropriate, much better than ITCl. 
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The amount of P0 4 dissolved increases as the volume of solvent is Increased, 
up to a large dilution. Water extracts of some soils have almost the same con- 
centrations of P0 4 regardless of the volume of water used, up to a dilution of 100 or 
more water to 1 soil. 

The results of such equilibrium extractions seem to be more In accord with 
plants 5 response the nearer the proportion of water to soil is to that In actual soil. 
But since such extracts are difficult to prepare, a ratio of 1 soil to 8 water serves 
very well and is more convenient. 

Vanstone’s “rate of solubility curve 55 does not in all cases express the plant 
availability of soil phosphate. It seems to offer little advantage over other equilib- 
rium methods. 

Percolation methods of making soil extracts resemble the action of a plant more 
than equilibrium methods, yet do not show the power of the soil to continue supply- 
ing P0 4 so well as was expected and hoped. In these methods the soil us percolated 
slowly with very dilute acid till most of its soluble P0 4 is removed. An automatic 
apparatus for percolation has given very good results. Curves formed by plotting 
the results from percolation extracts aTe characteristic of the soil’s individual power 
to supply phosphate. 

Percolation with 0.05 N HC1 is supposed to dissolve from a soil all the P0 4 that 
may be expected to be available to plants for many years. 

Carbonic acid, 0.05 N , has much the same solvent power as HCL but is very 
inconvenient. 

Water alone, or containing only a little C0 2 , is so poor a solvent for soil P0 4 
that It seems inadequate as an agent for estimating availability by percolation 
methods. 

Relative solubilities . No single method of extracting P0 4 from soil, whether 
by equilibrium or by percolation, has been found always adequate to show whether 
a soil will supply phosphate to plants In sufficient amount and at a rapid enough 
rate to support satisfactory plant growth. But the relative solubility in two reagents 
of different power seems to give a figure which indicates very well the phosphate 
value for many soils. When the P0 4 found by percolation with 0.001 N HC1 is 
60 per cent, or more of the amount found by percolation with 0.05 N HOI, the soil 
will supply plant growth adequately, provided the total found by 0.001 N HC1 is 300 
p.p.m. or more. When the P0 4 extracted by the more dilute acid is less than 50 
per cent, of the amount dissolved by the 0,05 N acid the soil is likely to be deficient 
in supporting plant growth even though the total amount found by the 0.05 N acid 
is adequate, provided it were available. The greater the difference in the amounts 
extracted by the two different concentrations of acid, the more likely is the soil to 
be deficient in supplying phosphate. 
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In general more of the P0 4 in soils is contained in the fine than in the coarse 
particles, and the finer the particles, the more available the P0 4 will be to plants. 
But when the percentage of clay and silt in soils was multiplied by the number of 
parts per million of P 0 4 found in the soil, the figures did not always properly 
represent the PO-i -supplying power of the soil. 

POt dissolved from soil by an acid increases as the pH of the soil decreases and 
as the ratio of solvent to soil increases. 

In making equilibrium extracts 1 per cent, of a number of common salts added 
to the water did not much change the amount of PO 4 dissolved. Salts of iron and 
copper greatly decreased the PO 4 dissolved. 

The method proposed by von Wrangell appears very promising so far as the 
writer has been able to test it, which is very little. 

The methods proposed by Arrhenius, extraction with 1 per cent. Nad in 0.002 
N H a SO*; by Dirks and Scheffer, extraction with GO* and CaC0 3 ; by Christensen's 
Azotobacter method. ; by Dyer s 1 per cent, citric acid extract : by Fraps 0.2 
N HNO 3 method ; by water extracts with varied proportions of soil to water ; and 
by Lemmennarms “relative solubility 33 method ; have been examined and none of 
them found generally successful with all kinds of unknown soils, though all of them 
may give quite useful information when applied to the kind of soil for which they 
were designed. 

Successive water extracts made by the method of diffusion with collodion bags 
give a much better indication of the continuous supplying power of the soil than do 
ainffle eauilibrium extracts but do not with certainty give proper relative values to 
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Introduction. 

Problems of soil surrey vary greatly according to the area to be surveyed. 
Reconnaissance surveys of large undeveloped areas which are to be mapped on the 
scale of several miles to the inch cannot be carried out by methods suitable for 
the intensive examination of arable land where single fields are of importance. 
Again, areas for which no special topographical maps exist cannot be dealt with 
in the same way as those which have been thoroughly mapped. In the Empire 
overseas it is often desired to map the soils and vegetation of areas containing 
few or no roads : ground work in such cases is extremely slow. Many soil problems 
require a preliminary survey for which the ordinary methods are far too slow and 
too costly. It is in such cases that the application of air survey is especially 
appropriate. The urgent need for greatly increased information as to the soil 
resources of the less developed parts of the world has given impetus to the develop- 
ment of aerial photography for the different kinds of survey work, and the Bureau 
has ’therefore asked Mr. Bourne, who has been closely identified with such work 
at home and abroad, to write the attached Technical Communication which 
it is hoped will stimulate interest in this important method of adding to our 
knowledge of soils of the Empire. 

July 1931. 
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Historical, 

The list- of references attached is not exhaustive, but it is a fair indication of 
the general trend of events in the application of air survey to scientific problems 
other than those of archaeology or topographic survey,. Several scientists engaged 
in observational w\ rrk during the war realised some of the possibilities of; this new 
weapon and subsequent development in its use has been rapid. At* first attention 
was concentrated on the solution of survey problems which presented abnormal 
difficulties from ground level. The experience gained in 5 spotting ’ submarines 
was turned to practical account in mapping submerged sand-banks and shoals. 
Visual observation and photography were employed in the preliminary reconnais- 
sance of unexplored territories, arid the mapping of forests over vast and often 
inaccessible tracts was commenced. At the same time, in the sphere of topo- 
graphical survey, much research was devoted to the perfection of methods based 
on a combination of vertical and oblique photography. The frequent need of 
employing the latter in time of war is obvious, and on economic grounds, in 
consideration of the large area covered by an oblique in comparison with a vertical, 
photograph, some use of obliques in times of peace was clearly important. 



(a) Early developments. 

With regard to some of the possibilities of air survey in hydrographic surveys 
or geographical reconnaissance, special attention should be drawn to the early 
woik of W. T. Lee, of the U. S. Geological Survey, entitled c The Face of the 
Earth as seen from the Air' (16). The book is beautifully illustrated and contains 
an intelligent forecast of many of the subsequent developments in air survey. In 
the matter of geological survey, Lee wrote in 1922: — ‘ It is perhaps premature to 
say much of the use of the airplane in the study of geology until it has been 
thoroughly tested. But it should be possible from the air to locate and map ore 
bodies, metalliferous veins, and outcrops of rock; for it is well known that rocks 
at the outcrop differ in colour, in the forms of erosion developed in them, and in 
the kinds of plants which they support. It is of interest that Colonel Alfred H. 
Brooks, who was Chief Geologist of the American Expeditionary Forces in France 
during the war, found that geologic boundaries could be recognised on air 
photographs and that by means of these photographs he could correct existing 
geologic maps and identify formations in inaccessible areas within the enemy lines. 
His method was to use air photographs in the study of geologic formations acces- 
sible to him. Then, having familiarised himself with the appearance of the 
different rock formations and structures on the photographs, he was able to 
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recognise the same features on photographs of areas held by the enemy and so 
project his mapping over into inaccessible territory/’ 

With regard to early applications of air surveys to soil surveys, A, M. 
Naira way, Chief Aerial Surveys Engineer. Department of the Interior, Canada, 
has recently written*: — : During the seasons of 1924, 1925 and 1926, some work of 
this nature was carried on in connection with our land classification surveys m 
Western Canada. Since that time little has been done as this class of surveys was pi acti- 
cally abandoned. However, the aerial work has disclosed that the photographs, properly 
interpreted, do show main soil characteristics beyond doubt as, for instance, sand 
areas on the one hand or silt deposits on the other. Where soil has been derived from 
the weatherings of local rock, informatian is given. Again, taken in conjuction with 
vegetation, something definite can be done. The principle upon which all our aerial 
survey work is based, is that the aerial photograph supplements, but does not 
displace, ground work. In other words, we assume that the field investigator is 
expert in his own particular work and that he will find in the wealth of detail of the 
photograph a means for relieving him. of considerable travel and labour as well as 
for avoiding the necessity of making a map. The Photograph itself is the map and 
is on a scale of, say. 1,000 feet to the inch. Notes are placed directly on the photo- 
graph in the field, and the boundaries of types are usually visible on the photograph, 
or can be easily placed thereon by reference to trees or topographical features. Re- 
garding the differentiation of soils within the main classes, the photographs will 
certainly help in a mapping way and, no doubt, will in the hands of an expert in the 
field assist in the identification as well \ 

With regard to the mapping of forest vegetation, with a view to its assessment 
for commercial exploitation, the Canadian Government set an excellent example. 
An admirable summary of the work done, the procedures adopted and the methods 
of indexing the photographs was prepared by Narraway for the last Empire Forestry 
Conferrence in 1928 in. Australia (19). It should be mentioned that the Photo- 
graphy is undertaken by Canadian Air Force pilots under the direction of the Survey 
Bureau and that the photographs are subsequently made available to anyone interes- 
ted in the area they cover. The Forest Department in Burma was also a pioneer in 
the execution of forest surveys from the air. The results are clearly set out in 
Burma Forest Bulletins Nos. 11 (85) and 13, (23) t. 

The photography in Burma was executed by a commercial organization for the 
Government and, therefore, the photographs were available for use by anyone interes- 

* Unpublished communication. 

f For th© benefit of readers within the Empire it may be noted that these documents, together with 
the Proceedings of the Empire Forestry Conference in Australia, can probably be obtained on loan from 
the libraries of local Forest Departments. 
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(b) Recent developments* 

In comparison with most examples of earlier work, several recent instances of 
the application of air survey to scientific survey have demonstrated the growing 
appreciation of the importance of correlating vegetation with soil and geology in the 
interpretation of air photographs. It has been fully recognised that a perfect photo- 
graph is an unparalleled record of surface effect, and that its complete interpretation 
depends upon an approach to the question from an ecological standpoint. This 
point is elaborated in succeeding sections of this Communication, in the light of 
research undertaken by the present writer, the results of which are incorporated in 
a pending publication (6). Immediate reference should be made however to two 
of the most striking examples of similar work recorded by other workers in different 
parts of the Empire. 

A, 0. D. Mogg in South Africa (18) has recorded and illustrated with air photo 4 
graphs the close association of vegetation with lithological out-crops, where the 
underlying rock is not overlain with more than three to four feet of surface deposits; 
For the latter areas he has not produced a soil map, but he indicates that further 
differences in the vegetation can be correlated with soil, and concludes : — c Ecological 
plant geography may be of material assistance to the geological surveyor and soil 
chemist ; and, as far as macroscopical geological surveys may be made from the ah, 
the vegetation properly understood may be of considerable value in charting geolo*- 
gical formations, as also the recording of the occurrence and course of faults \ 

The other example is of such interest to soil surveyors that two extracts may be 
quoted. J. A. Prescott and J. K. Taylor in Australia have written (20) . During 
the progress of a soil survey of the Renmark irrigation settlement, considerable use 
has been made of aerial photographs obtained by No. 1 Squadron of the Royal 
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Australian Air Force during October, 1928. The close correlation between sod type 
and crop vigour which had been established durmg the survey of Block E and Ral 
suggested that the boundaries of the soil types could be mapped to some extent 
from the photographic data. Complications are naturally introduced by factors 
such as salinity, which is not necessarily restricted to any sod type ; by replan mg , 
in older-established areas, by soil improvement due to drainage, the use 
gypsum, and the ploughing in of green manures. In the case of the extension o e 
survey to the older Renmark settlement, there was the further value that. no accu 
rate maps were in existence on a scale suitable for sod survey, an t e aeria p io 
graphs enabled the necessary data to be obtained for this purpose, together mth m 
accurate record of the type, area and regularity of the cropping. The photographs 

:;r;in ^ a .*«*-«** ^ 

ideal as a basis for soil survey, and it was found possible aocuia • y - J- ,. 
tion of any soil boring to within two feet on the ground and to record the locality 
on the photograph by means of a pin prick. A close relationship was W £ exist 

between the vegetation associations and the sod types . And in 7 

» »tZ »y Ja„W photography ha, proved of value during the rod survey o 
the Renmark irrigation settkment in tile revision of the existing rasps, 
accurate recording of the types, areas and regularity of cropping, an 1 
ping of associations of native vegetation, which have been shown to be closely 

correlated with established soil types . , , , , 

At this point emphasis should perhaps be laid on the established fact that the 

correlation of natural or semi-natural vegetation with soil is most obvious m udxmates 
such as those prevailing in the two districts just referred to, in which P-^itd 
seasons are annually experienced. Striking differences m vegetation are as o ia ed 
with almost every soil type. With better distribution of The 

differences on distinct soils are less pronounced and m very humid regions may be 
slight. Under all but the last mentioned conditions the differences are gene a y 
clear enough to be recorded on air photographs, with the result that a map of e 

principal soils is indirectly furnished by the vegetation On the other hand ifriie 

rainfall is sufficiently heavy and well distributed to render all drained soils almost 
equally productive, the vegetation and the photographs tend to segregate on y 
marshv or extremely coarse soils. In all climates the intervention of the biotic 
factor tends to obscure the issue and produce surface effects, both m vegetation i a» 
in other ways, which are liable to mask soil boundaries. But in ong cm 1 
countries practical experience has frequently led to great discrimination m e use 
of soil and. in such circumstances, despite human intervention, the proper inter- 
pretation of surface effect on air photographs may greatly facilitate soil survey. 

The greatest difficuties are likely to he experienced in recently developed countries 
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where settlement has been rapid and haphazard. These are truths which have cons- 
tantly to be borne in mind when approaching the question of air survey in relation 
to vegetation and soil 


Tj 


i 

f 


4 
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Distinct problems of topographic and scientific surveyors. 

If scientists in different parts of the Empire, who have had no experience of air 
survey, are to attempt an assessment of the local possibilities of this new- weapon, it is 
desirable to review some of the general problems encountered in application. Initially 
it must be realized that the problems of geological, soil and vegetation surveyors differ 
in several important respects from those of topographical and cadastral surveyors and 
it is essential that these differences should be appreciated. If a considerable degree of 
accuiacy is aimed at, topographical and cadastral surveyors cannot dispense alto- 
gether with control points determined either from existing maps, as is necessary over 
enemy territory in times of w ? ar, or by ground survey. The degree of accuracy 
attainable depends primarily on the number of control points, but technical ex- 
cellence in photography to scale enables the air surveyor to reduce to the minimum 
the number of points to be fixed by the ground surveyor. With good photography, 
provided the differences in ground elevation are not too great (more than 1,000 feet 
either way from the mean), a relatively detailed topographical map can be produced 
on the basis of two control points to a vertical photograph. These photographs arc 
taken with a considerable overlap in all directions and, by means of apparatus 
designed for the purpose, final corrections to scale can be effected on printing. 
When oblique photographs are taken of country intervening between two parallel 
lines of vertical photographs, a number of control points on each oblique arc 
obtained by the intersection of rays drawn between prominent objects and the centre 
points of adjoining photographs. With oblique photographs, to convert the view- 
obtained 4 in perspective * to the correct scale £ in plan 5 , a suitable taper grid is 
determined and super-printed. By this means the approximate position of topo- 
graphic and cadastral features can easily be plotted on the map. 

The reason that a few control points are generally sufficient for accurate topo- 
graphic and cadastral mapping from air photographs clearly illustrates the principal 
difference between the problems of the topographic or cadastral surveyor on the one 
hand and the geological, soil, or vegetation surveyor on the other. Many of the 
details which the former set out to plot on their maps are directly recorded on the 
photographs, and can be recognized for what they are without further interpreta- 
tion on the ground, Towms, villages, and scattered buildings; railways, streets, 
roads, lanes and often paths; lakes, ponds, canals, rivers and streams; quarries, 
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cuttings and embankments; forests, woods, spinneys and avenues; and finally, field 
boundaries or divisions, are all directly recorded and easily identified on au p 
graphs. Provided the necessary corrections to scale can be effects , a iese . 
tails can be transferred to a map with approximate accuracy and without fur ^ 
ground work. Contouring, however, may present difficulties or prove “ipossi ’ 
hut methods have been devised by which rough contouring can often he effected as 

a result of stereoscopic examination of the photographs. Further improvemen t-s 1 

this direction are to he expected. To the topographic or cadastral surveyor, there- 
fore, technical excellence in photography to scale, though of secondary importance 

to the number of control points, is a very important consideration. 

On the other hand, though the work of geological, soil and vegetation surveyors 

is obviously facilitated if photographs accurate to scale are available, perfect defini- 
tion is oi the first importance. The problem of these surveyors is to plot on topo- 
graphical or cadastral maps either the outcrops of lithological beds, the distributi 
of different soils, or the boundaries of vegetative types. In many instances the 
desired limits cannot he transferred directly from the photographs to the map. 
Though many floristic and other differences in the uppermost vegetative layer are 
directly recorded on clear photographs, other important characters of vegetative 
types are obscured. Lithological and soil differences are rarely recorded directly and 
are reflected only by their effect on topography, vegetation, and human usage. In 
many parts of the world, if the vegetation has remained more or less undisturbed by 
man or natural agency for a considerable time, a map of the vegetation, prepared 
from the photographs, may closely resemble a site or soil map. But, even so, the 
relationship of vegetation to soil has to he proved on the ground and apparent ano- 
malies recognised and explained. For these reasons a considerable measure of ground 
control is generally involved in the interpretation of surface effect. Obviously good 
definition is essential, hut it is perhaps not so plain why accuracy to scale is often of 
secondary importance. This follows from the general need for considerable ground 
control. If much of the ground has to be covered on foot, tbe opportunity is 
afforded of checking for scale and allowing for distortion in plotting work. If a, good 
topographical map is available, adjustments can generally be made by eye hut in the 
absence of much topographical detail some measurements may be necessary. In the 
extreme case, where no topographical maps exist, only accuracy of scale in the pho- 
tographs can obviate detailed survey work. But in any circumstances, the geologi- 
cal, soil, or vegetation surveyor is better off with than without air photographs. As 
already indicated, much evidence is accumulating from different parts of the world 
to prove this point. Special research has also been fostered by private enterprise 
interested in air survey, with a view to determine and demonstrate the best proce- 
dures under different conditions. The general object should always he the achieve- 
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ment of maximum results at a minimum cost, in terms lotli of money and of scien- 
tific energy. T. ese are the matter remaining to lie considered in this Communica- 
tion and the factors influencing tost may first, he reviewed. 


* 


Costs oe air survey. 

With regard to costs of air photography, much depends upon the climatic con- 
ditions. and the location and size of the area to be photographed. Climatic conditions 
may influence costs materially either by limiting the height from which photography 
can be undertaken, and therefore the area a single photograph covers, whether verti- 
cal or oblique, or by restricting the work to certain seasons of the year, or even to 
odd days. For instance, in parts of the British Isles, owing to the prevalence of low 
clouds, there may not he more than twenty flying days in the year on which exten- 
sive photography from 8,000 feet could be undertaken. From that height, unless 
a very wide angle lens is used, the area covered by a vertical photograph would nob 
exceed two or three square miles. In consideration of the difficulties of organization 
and of the relatively small area to a photograph the cost of vertical photography 
is bound to he high. At the other extreme, where climatic conditions are 
favourable for photography at a great height (20,000 feet) ever considerable periods 
of the year, organization is simple and some nine to fifteen square miles can be 
covered by a single vertical photograph. In these circumstances costs would be 
greatly reduced. 

The location and size of the areas to be photographed would often have the 
greatest influence on costs. To send an aeroplane a long way to photograph a 
small area may be very expensive, particularly if it has then to remain idle pending 
suitable weather conditions. To send an aeroplane shorb distances to photograph 
small areas is much cheaper. The photography of large areas, particularly if suit- 
able local aerodromes already exist, is comparatively cheap irrespective of location. 
And, if the area is large enough (200,000 square miles), the cost of establishing 
aerodromes may work out at a small cost per unit of area. 

The difference in the costs of vertical and oblique photography depends a good 
deal on the conditions already mentioned. The scale of the vertical photo- 
graphs is also a big consideration, but taking a scale of three to six inches to the 
mile, the difference is negligible if the aeroplane has to be sent any distance to pho- 
tograph a small area up to 100 square miles. Where a really large area is involved 
the difference is enormous. If lateral and tail obliques are taken in conjunction 
with parallel strips of vertical photographs ten miles apart, an area could be photo- 
graphed in at least one- sixth of the flying time involved with complete vertical 
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photography. Moreover, the actual number of exposures necessary would be greatly 

reduced. , 

Since so many factors may influence costs, it would be misleading to quo e 
average figures, but some idea of the two extremes may be given for small scale pho- 
tography. 0 Under very adverse conditions such work, either with vertical or ob lque 
photography, may cost as much as £20 to the square mile. Clearly this is an uneco- 
nomic figure except under very special circumstances. Under peculiarly favour- 
able conditions a judicious combination of vertical and oblique photography may- 
cost no more than two or three shillings to the square mile. These figures do not 
include the costs of preparing topographic maps. They merely allow for producing 
a set of photographs covering the aiea. But the latter figure indicates that the cost 
of supplying scientists with vertical and oblique photographs of the ground over 
which they have to work may not be prohibitive. If the photographs are taken 
primarily fox topographic purposes, the costs will he shared. In any circumstances 
scientists should seek to adapt their methods of working with a view to the maxi- 
mum economy possible without loss in efficiency. To appreciate what may be dene 
. .. . j. mnflt, Pp: oivpn to the use cf nhoto graphs in the field and 


The aie view. 

With Tegard to the use of air photographs for scientific purposes, reference 
may first be made to the view obtainable from the air by visual observation. Ibis 
view differs from tLat supplied by photographs in that it is wider and is enhanced 
by colour. On the photographs, different colours appear as shades and tones of 
white, grey and black. On tlie ground, with the corresponding photograph in hand 
the various shades are easily interpreted, but in the office they can be very mislead- 
ing Much depends on the filter used in photography. In general, browns and reds 
tend to turn out white or light grey, and greens or blues appear as various shades 
of gcey to black. Shadows of trees are also black and the reflection of light by 
water or bare wet soils produces a curious white effect, l rom the air, colours aie 
very distinct and of great significance in the interpretation of surface effects. 
Apart; from colour differences, the observer obtains a general view of large tracts of 
country. The extent of the view depends partly on the height and partly on the 
visibility ground, mists or haze often obscuring the ground almost as much as clouds. 
With a clear atmosphere the best definition is obtained with the sun behind or to 
3 ne side. When flying into the wind to reduce the ground speed and at an e#wntion 
6 000 feet or more, the country beneath and towards the horizon passes slowly by. 
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With good visibility prominent features may be located to a distance of thirty or 
forty miles. If they are looked for, many details ' may be identified, up to six or 
seven miles, but the tendency at a considerable height (8,000 feet or more) is to lose 
sight of detail and to see only the general surface effects. Tills last fact alone is of 
great practical importance and, therefore, the significance of what has been termed 
the f air view * may be emphasized. 


Regional survey from the air. 

If a competent observer from the air has studied the principles of regional 
survey and learnt on the ground to appreciate what may constitute a unit natural 
region of country, he will normally find that he can recognize from the air and plot 
the approximate boundaries of these regional units on a topographical map. Lite- 
rally he is able to achieve at a glance from the air a result which the regional sur- 
veyor on the ground generally considers as one of the ultimate objects of detailed 
field investigations. Unit regions may be large or small, but invariably they are 
characterized by peculiar combinations of climate, lithology, topography, and soils, 
and are constituted by distinctive sets of sites, or units of ground. In regions of 
mature topography, sites and soils are generally coincident in extent, but, in hilly 
or broken country, slope and local climate may occasionally necessitate the sub- 
division of a soil into two or more sites. As already mentioned, if the vegetation is 
natural or semi-natural, the differences in soil or site within a region are generally 
redacted by the vegetative types, and the relative distribution of sites will thus 
indirectly give a characteristic surface effect to the region as a whole. If man has 
occupied and cultivated the area for any length of time, his scientific though em- 
pirical usage of site, combined with any natural differences in the vegetation, may 
still reflect the site differences and produce an effect characteristic of the region as a 
whole. But wherever inexperience or economic factors have intervened to permit or 
force human usage of sites contrary to the scientific principles of agriculture or fore- 
stry, vegetation and other surface effects may obscure natural boundaries. Thus, 
in regions of mature topography, the facility with which unit natural regions can 
be distinguished from the air is a fair measure of the extent of human influence on 
the one hand and of the degree to which it is scientific on the other. 'Though 
reference ha« only been made to the recognition of unit natural regions in the course 
of visual observation from the air, differences in colour being of great assistance in 
this matter, experience has'shown that regional boundaries can generally be traced 
on a^ttfiotographs. In this respect oblique photographs are particularly useful for 
the simple reason that they give such a wide view. 
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regions into which 


The recognition and delimitation of the unit natural 
a countryside is divided is of practical importance in various ways. In 
general these regions should be the units considered in framing and applying 
a policy of land settlement. Once settled they are the units within which scientific, 
economic, and social researches should be repeated with a view to the subsequent 
local application of the results. If large enough, therefore, they are suitable units 
for dissemination of knowledge among the users of the land. With regard to 
scientific survey in particular, a preliminary recognition of unit regions is invalu- 
able, more especially where the work extends over large areas. The problem of 
efficient sampling becomes easy of solution. All experienced lithological, soil and 
vegetation surveyors realize that the issue of their work depends upon the intensity 
of their initial studies. In a sense they always resort to sampling and obviously, 
if they know in advance the best locations for intensive study and the limits 
within which the results apply, they can restrict their detailed observations to 
relatively small areas without loss of efficiency. Their object at this stage is to 
determine the different lithological beds, soils and vegetative types to be mapped 
and the system or systems under which they are likely to be distributed. If this 
is first accomplished and the several relationships between lithology, topography, 
soils and vegetation axe established, subsequent mapping in the region as a whole 
is a comparatively simple proposition. This fact is well illustrated by reference to 
the problem of interpreting scientific phenomena on air photographs. If one or 
two sample photographs of a region are interpreted by intensive study on the 
ground, the correct interpretation of other photographs of the same region can be 
achieved with a minimum of ground control. If a photograph of an adjoining 
region which has not been visited is studied, the interpreter will at once be at a 
loss to understand much of what the photograph records. Clearly preliminary 
knowledge of regional limits, and a general appreciation of the differences in 
surface effect to be encountered within a region, enable a surveyor to direct Ms 
field operations with a view to extracting the maximum results with the minimum 
of energy. Ihus the air view and oblique photographs, possibly obtainable without 
recourse to an organized air survey, open up possibilities of economy in scientific 
survey which should be widely explored. 



Phocedum in visual hecokkaissancE . 

To obtain the best results an observer from the air should adopt a definite 
procedure. Working with a topographical base map, oa which too many details 
are undesirable, he should conoenlmle all the time on reading ihe ground in relation to 
l le map, fixing the positions of the objects under observation by reference to such 
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features as towns, villages, rivers, streams, roads and railways. If he is successful 
In this, he will find little difficulty in sketching the approximate position of regional 
boundaries. If he is not certain about some of these, he should at least be able to 
distinguish and map areas under grass from areas under crops and agricultural land 
from wasteland or forest. An observer nicy be able to map much more, but there 
is a limit* to what he can achieve in the time available and undoubtedly in this work 
the personal equation is a big factor. Some men can train themselves to map 
much more than others, even to delimiting, here and there, quite minor differences 
in vegetation and soil But the fact that the best of observers has not the time to 
map every difference he can see is a very strong argument in favour of oblique 
photography. 


Oblique ph otoqr aph y. 

Oblique photographs can be taken from many types of aeroplane not specially 
designed for air photography. The two requirements are an unrestricted lateral 
view from one of the cockpits and a suitable camera. The latter is essential if good 
definition is to be obtained. It must be realized that the camera has to be exposed 
in the slip-stream of the propeller and that one with bellows or an unsheltered 
lens is useless. To avoid blurring due to vibration, a fast shutter capable of speeds 
up to one-thousandth of a second is desirable, but with care longer exposures can 
with advantage he given. A filter is necessary to differentiate colours dearly and 
to pierce hazes almost imperceptible to the human eye. Special panchromatic 
plates or films should be used and to ensure that the camera is held horizontal, 
either the true or haze horizon should be included within the sights at the moment 
of exposure. The best speed and stop to use can only be determined by 
experience, but with a suitable camera and some trial, a reasonable proportion 
of good photographs should be obtained, however much they vary in scale, such 
photographs can be used to check regional and other units sketched on the 
topographical map and allow of filling in many details which are not easily 
sketched from the air. In the absence of an organized air survey and. in conse- 
quence, provision of vertical photographs, these obliques can also be used as rough 
maps in the field. But, for them purposes, technical perfection in vertical and 
oblique photography to scale is certainly to be preferred and therefore, wherever 
possible, the services of a professional air surveyor should be enlisted. 


Organization of air survey for scientific purposes. 

If an organized survey is possible, a regional reconnaissance should first be 
undertaken. This will help to determine the best orientation of the lines of flight 
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for purposes of photography. The general idea would he to take vertical photo- 
eraphs on parallel flights in conjunction with oblique photography of the mterven- 

Th°« Retool drataag. systems of the areas under survey. In these —tances. 
IS Photographs will usually he obtained of each unit natural regron 

toting upon photography, a scientific surveyor should draw up his general 
plan of campaign, selecting photographs in each region for purposes o oe a 
fn“,p°ot.Z „ like ground. At this stage of the work the closest posable co- 
operation is desirable between geologists, pedologists, and ecologrsts Bus apt » res 
with considerable force whether air photographs are avadable or not, tat ae ■ pm 
S indicated, with a photograph the record is largely ,n terms of surface efi«t 
™Tto the absence of an ecologist, a geological or so.1 surveyor may have she 
greatest diffledfy to the work of interpretation. However, the co-operation of on 
eeolovist may not be possible and therefore it is desirable to outline the general 
procedure to b. adopted when using air photographs for purposes of soil survey m 

the field. 


Use or air photographs in the field. 






!§ 


If the photographs have not been corrected for scale, a topographical base map 
of the area is essential and the surveyor must be prepared to carry out the measure- 
ments necessary for the correction of distortion. If overlapping vertical photo- 
graphs approximately to scale are available, they should certainly be examined m a 
stereoscope before starting out. In this way the ground relief can be studied and a 
vood idea of the ‘terrain ’ obtained in advance. With such photographs the to]- 
^ map may he dispensed with and xylonite sheeting which is extremely 

transparent, used for plotting work and indexing notes recorded m the field. Vx 
any type of photograph it is a good plan before going into the field to outline with 
dots in white photographer’s ink all the differences which can he detected m surface 
effects. This ink, unlike all others, will subsequently wash oft without spoiling 
the photograph. On entering the field the surveyor should set out to check the 
significance of all differences in surface effect. As he proceeds, he should transfer 
to topographical map or xylonite sheeting the limits of lithological outcrops and 
soils, and, if the circumstances so suggest, he should sub-divide the soil into sites. 
At this stage of intensive sampling he should simply use the photographs as indica- 
tors of surface differences and as an aid to mapping. His aim should be to deter- 
mine how many different soils or sites go to constitute the region and their rela- 
tive distribution one to another. If he completes the soil or site map of the area 
covered by a sample photographic record of the vegetative differences, he should 
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have reached a reasonable understanding of the region as a whole and be in a 
position to say how far differences in the vegetation, whether natural or artificial, 
reflect the soils or sites. He may well have realized that differences in growth-form 
and luxuriance of the vegetation are as significant indicators of soils or sites as 
differences in floristics. Indeed, if man has largely disturbed the natural vegeta- 
tion, lie may often find that some of the most obvious differences in floristics are of 
little significance. 


Regional interpretation of air photographs. 

With the knowledge gained in sampling, the surveyor should turn to an inter- 
pretation of other photographs of the same region. If he has previously viewed the 
region as a whole from the sir and carried out any sketching of surface effects, this 
work should also be taken into consideration. The surveyor may find that the 
differences in surface effect are often sufficiently clear for him to identify and plot 
many of the boundaries of the soils and sites which constitute the region. His map 
would rarely be completed by this means, but he can see at a glance exactly how 
he had best traverse the area on the ground to check and complete the mapping. 
Proceeding into the field he should again use the photographs merely as indicators 
of surface differences and as an aid to mapping. It is quite possible that the 
surveyor's attention will be drawn to differences which reflect one or two soils and 
sites not found on the area originally sampled. In that eventuality local investiga- 
tion may enable him to fill up several of the remaining gaps in his map, subject only 
to local check. In the application of this procedure experience has shown that a 
great saving in time is effected and that the results are at least as good and generally 
better than those achieved in other ways. Obviously, when dealing with large 
areas, the completion of mapping within regions may have to be spread over a con- 
siderable period of time. In these circumstances regions may be dealt with in their 
relative order of importance and at a rate dictated by the staff available. But 
completion of mapping may be urgent and it is, therefore, important to remember 
that ground control at this stage can be greatly reduced without loss of accuracy 
by employing photographs to scale. 

Summary. 

To sum up, the air view and air photography can assist the scientific surveyor 
in three stages of his work in the preliminary reconnaissance, in the intensive samp- 
ling, and in the completion of mapping. The early knowledge gained about the 
unit natural regions is generally of incalculable value. Subject to the personal 
equation in the air and the possibility of taking good oblique photographs, an 
individual surveyor may be able to dispense at this stage with the specialist air 
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photographer. Id the second stage of intensive sampling, a surveyor has to traverse 
the sample area so intensively that photographs accurate to scale are not necessary, 
however desirable. But for this purpose vertical photographs are infinitely to be 
preferred to obliques and in most cases special aeroplanes and cameras would be 
necessary. Again, in the last stage, if the preparation of maps is urgent and the 
survey staff is limited, perfect photographs approximately to scale are essential. 
In both these latter stages the co-operation of the specialist air surveyor is norma y 
involved. Clearly the means by which the air view and air photography can best 
be brought to bear on the problems of the scientific surveyor must largely depend 
upon local conditions. The great need of the moment is fox ^ scientists in different 
parts of the Empire to assess the possibilities of application m their own and 
neighbouring districts. If this communication helps them to appreciate these 
possibilities at their true worth it will have served its purpose. The reader will have 
realized that apart from the general review of the history and problems of am 
survey, directions have been furnished as to the tests which should be applied 
wherever facilities are available for getting into the air or for working with air 
photographs, and that an outline has been given of the general procedure to be 
adopted with a view to achieving the maximum results at the minimum cost. 
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RECENT LITERATURE ON HERBAGE PLANTS AND FODDER 

CROPS. 

The Imperial Bureau of Plant Genetics Herbage Plants (Aberystwyth, Wales) 
has recently issued the following publications 
Herbage Abstracts 1931 (VoL I, No. 1) June 1931. 

Bulletin No . 3 . — The breeding of Herbage Plants : Technique adopted at the Welsh 
Plant Breeding Station. (Price 3 s.) 

Bulletin No. 4 . — Abstract Review of Lucerne Literature during the Period 1925-30. 
(Price 2-6.) 

Bulletin No . 5 . — Research in progress on Herbage Plants, Forage Crops and General 
Grassland problems in the British Empire. (Price 2-6.) 


Herbage Abstracts . as its name implies, contains abstracts of recent literature 
on grassland and fodder crop problems, including the many aspects of pasture land 
management and improvement, hay production and the raising of special fodder 
crops. 

Bulletin No. 3 describes the technique in use at Aberystwyth which has been 
worked out by Professor Stapledon and his colleagues, especially Mr. Jenkin 
(Grasses) and Mr. Williams (Clovers and Lucerne). The results of the work quoted 
are already classical, but rarely has so full a description of a new technique been 
made available to other workers. Professor Stapledon' s own concluding remarks will 
illustrate the outlook of the bulletin 

“ In Science as in Art, a technique in the last resort should be judged by one 
standard only — is it successful ? That is to say, in pure science does it or does 
it not lead to the collection of data elucidatory of one’s problem ? 

In applied science it is still necessary to acquire data elucidatory of all aspects 
of one's problem, but it is eminently desirable to do more than this. If a. problem is 
in fact of real economic concern it is of the first importance to find a solution, as 
quickly and as cheaply as possible. 

In the realm of herbage breeding by no means the easiest part of the problem 
is to ascertain with reasonable assurance precisely to what ends it is desirable to 
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breed. The actual breeding work must inevitably entail detailed researches — must 
inevitably demand considerable resources, and to be carried to a successful issue 
must take no mean period of time. 

Before critical breeding work on any particular term of reference is embarked 
upon, it is therefore very desirable to have fully explored the agrostological poten- 
tialities of the species taken in hand. This is of course to ensure that one is really 
trying to breed in sympathy with an urgent economic need. It was primarily 
with a view to this end that I started my “ breeding” work on cocksfoot by the 
adoption of rough and ready methods. The aggregate strains I early acquired 
proved invaluable for sward trials and yielded important information as to the 
trend of sward behaviour of sharply contrasting types : information in fact which 
has proved its worth in relation to the whole problem of herbage breeding. 

When assembling material in order to begin studies on any particular species 
it is a relatively simple matter to organise a certain amount of group breeding. 
The seed so obtained will in any event be essential for preliminary sward trials. 
'While if some of the material so “ bred " proves to be relatively true to a desirable 
type, .it may be well worth growing it on and actually marketing it as a stop-gap 
product, pending the production of a greatly improved strain of reasonable genetical 
purity. 

Since in the case of nearly all herbage species improvement by breeding has 
been practically un-tried, the field is an exceptionally wide one. In many instances 
it follows, therefore, that important improvements are likely in the first instance to 
be possible by the adoption of comparatively simple methods. Ultimately, critical 
methods, such as are already abundantly called for in the case of the more generally 
used grasses and clovers, will have to be applied to all species having real economic 
significance. 

In conclusion, it does seem desirable to emphasise the necessity of basing critical 
genetical breeding work on a solid foundation built of well-planned investigations on 
the grasslands to be catered for and the relation of one's species to these grasslands. 
In this connection it is worthy of remark that all of us who are concerned with 
herbage breeding at Aberystwyth have served a considerable apprenticeship to 
6 general grassland inveetigations \ 

It is my firm belief that in the realm of herbage improvement by breeding we 
shall only reap the full harvest of what is undoubtedly possible by the heartiest 
co-operation of the ecologist and the geneticist/' 

Mr. Williams' work on the breeding of clover and lucerne should be studied by 
all engaged on the improvement of leguminous crops in many species of which self- 
sterility (in varying degree) presents special difficulties to the plant breeder. 
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Bulletin No, 4 brings together In convenient form abstracts of the recent 
literature on the important lucerne crop. Future issues of Herbage Abstracts will 
contain abstracts of new literature. 

Bulletin No, 5 has been Issued by the Bureau with the object of giving 
agriculturalists and research workers throughout the Empire some indication of 
what work Is being carried on elsewhere on herbage problems. Brief as the 
summaries must necessarily be, a surprising amount of detailed information, is con- 
veyed in a small space. Suggestions and criticisms are welcomed by the Bureau 
and any additions or amendments to the Indian Section of the Bulletin, or proposals 
for the inclusion of additional information in future editions of the bulletins, may 
be forwarded to the Agricultural Expert, Imperial Council of Agricultural Research, 
New Delhi. 


F 
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A TITRATION METHOD FOR DETERMINING THE TOTAL AND 
EXCHANGEABLE BASES IN SOILS. 

BY 

S. PAR, AM ES WAR A AIYAR. B.A., 

Chemistry Department. Agricultural College. Mandalay. 

(Received for publication on the 24th September 1931). 

Introductory. 

In connection with certain investigations in progress in this laboratory it was 
necessary to determine the total exchangeable bases in a large number of calcareous 
soils. Although many methods have been used successfully for acidic and neutral 
soils, none of them could be used satisfactorily for these Burma soils. The un- 
suitability of the ammonium chloride method of Gedroiz [1918] and of Kelley and 
Brown [1924] for calcareous soils has been pointed out by Wilson [1928] and Burgess 
[1929]. Hissink [1923, 1925] used sodium chloride as the replacing agent for soils 
containing carbonates and applied a correction for the calcium carbonate dissolved - 
by the reagent on the assumption that the calcium contained in the second litre of 
leachate corresponds to the solubility of calcium carbonate. This assumption lias 
been shown to be unreliable by the work of Tyurin [1927] and Turner [1928]. On 
the other hand, in an examination of ten highly calcareous soils (15-40 per cent. 
CaC0 3 ) by Hissmk’s method Menchifeowsky and Ravikovitch [1929] found a 
constant value for the calcium dissolved by the second litre of normal sodium 
chloride, but with soils low in carbonates (less than 0*5 per cent. CaC0 3 ) 
Ravikovitch [1930] found no such constancy. In the latter case the correction for 
the dissolved CaC0 3 by the titration method of Tyurin agreed closely with the 
00 2 estimation method of Gedroiz, but the values thus determined for the correc- 
tion were about 4-5 times those obtained by Hissinkh method. 

In order to avoid the difficulties mentioned above, Burgess [1929] has 
developed the use of an alcoholic solution of barium chloride for base exchange 
work with all kinds of soils. The solubility of CaC0 3 in this reagent is only 14 
parts per million and therefore Burgess recommends that the correction may be 
neglected. He finds that magnesium carbonate (basic) is very much more soluble, 
but as there is evidence (under investigation) that the MgC0 3 of soils differs from 
CaC0 3 , presumably in being much less soluble, he does not consider that a correction 
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» ‘'lirtvM, cZltZsth a. calcium carbonate and calcium meta- 
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determination of the bases separately to obtain the total It won ere ore ~ 
advantageous to employ a reagent which dissolves the whole of the carbonate, m 
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the soil and apply a correction for these which would require only a single 00 2 
determination. If the reagent enables a titration method to be used for the total 
bases it would be a further advantage, 

Bradfleld [ 1927 ] suggested the titration of the alkaline soil extract in con- 
nection with tli 3 electrodialysis method for determining replaceable bases in soils. 
Electrodialysis of soil has been extensively studied, notably by Mattson [ 19213 ], 
Humfeld and Alben [1927], Orowther and Basu [1929] and Wilson [ 1928 - 1929 ]. 
When applied to calcareous soils this method is generally not satisfactory owing to 
a partial decomposition of the carbonate. Wilson [1929] showed that replaceable 
calcium was completely removed from non-eaicareous soils by electrodialysis for 8 
hours. He assumed [1930] that in calcareous soils also the whole of the replace- 
able calcium would be .removed in 8 hours and corrected for the calcium dissolved 
from the carbonate by C0 2 estimation. However, Humfeld and Alben [1927] seem 
to have obtained constant titration values for calcareous soils by prolonged 
electrodialysis, indicating complete solution of the carbonates. 

An elegant titration method for determining the total bases in non-calcareous 
soils has been devised by Rice-Williams [1929] who used acetic acid as the leaching 
agent, the leachate being converted into oxides or carbonates by evaporation and 
ignition. 

Bray and Willhite [ 1929 ] recommend ammonium acetate in an essentially 
similar method. 

Spurway [ 1925 ] and Happen [ 1929 ] suggested that the total bases in acid 
and neutral soils may be determined with sufficient accuracy by shaking the soil 
with standard acid and titrating the residual acidity with standard alkali, 
Belgrave [ 1927 ] tested this method on the acid organic soils of Malaya, which 
are extremely poor in bases and found two sources of error, viz., (1) adsorption 
of the chloride ion by the soil which caused a reduction in acidity in the extract, 
and (2) extraction of organic matter from the soil which caused an increased 
acidity, sometimes even giving highly negative results. Therefore Belgrave used 
0*05 iVAlCl 3 instead of HG1 and obtained satisfactory results, which agreed 
with the barium chloride leaching method. When the base content of the soil 
was less than 3 milliequivalents per cent,. Belgrave corrected for the adsorption 
effect by titrating the chloride ion and the acidity in the extract and deducting 
the equivalent value of the adsorbed chloride from the apparent value of the total 
bases corresponding to the acidity. Apart from the effect of the organic matter, 
Mattson [ 1927 ] has shown that chloride ions are positively adsorbed from acid 
solutions by soils with a low silica-sesquioxide ratio and negatively adsorbed from 
soils with a high ratio. A leaching method would, of course, be free from these 
objections. 
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Recently Puri [ 1931 ] has published a method for determining the replaceable 
bases 111*80118. According to this 10 grams of soil axe treated successively with 
0%5 N HC1 and (H N HOI and shaken on a shaking machine for 2 hours, lbe 
soil is next thrown on a Buchner funnel and washed four times with 100 c.c. 
portions of 0-05 N HC1 and finally twice with 100 c.c. portions of water. The 
filtrate is made up to volume and the residual acid in an aliquot portion of it 
titrated with alkali using phenolphthalein as indicator, no specific conditions being 
laid down for the titration. Prom this titration the bases dissolved from the soil 
(exchangeable and carbonate) can be calculated. The C0 2 in the original soil is 
determined by a method [ 1930 ] also devised by him and the equivalent base 
value subtracted from the total bases. The chief difficulties of this method are 
(i) the necessity to stock large quantities of standardised acids of three different 
strengths and (m) die accurate measurement of large volumes. Pun has compared 
the values of the exchangeable calcium extracted from a calcareous soil, P. 0. 2 
containing 5 per cent. CaC0 3 , by various reagents, liis values being 160*7 “• ■ °* 
with N NH 4 C1, 133-0 m. e. with 0T N NH 4 C1 and 64’4 m. e. with 01 A 7 BaCk 
(alcoholic). The value for total bases by his method is 181-8 m. e. and for ex- 
changeable bases 81 ’8 m. e. From the figures Puri concludes that ammonium 
chloride is unsuitable for base exchange work. Obviously he has not corrected 
for the dissolved CaC0 3 in the figures quoted except in those obtained by bis 
method. If the correction is applied to the value of calcium extracted by 
N NH 4 C1 the agreement seems to be satisfactory. 

It is the purpose of this paper to present a method for the estimation of the 
exchangeable bases in soils which is rapid and reasonably accurate. 

Outline of the Author's method. 

Briefly the method consists in (i) leaching the soil with dilute HC1 (approxi- 
mately 0*05 N) until the bases are removed, (u) making up the volume to one 
litre and titrating the acidity in an aliquot portion with standard alkali using 
phenolphthalein as indicator, (it*) titrating the same portion with standard 
Ag N0 3 to obtain the total chloride content, and (t«) determining the C0 2 m the 
original soil by a standard method. 

Since the soil extract contains H01 and the whole of the bases as chlorides 
(assuming the original soil to be chloride-free) the bases correspond to the difference 
in titration values for the chloride content and the acidity of the extract. 1 he 
carbonates may be subtracted from the total bases to obtain the exchangeable 
bases. 

The principle involved in this method can be applied to other reagents also. 
In the acetic acid method of Rice- Williams the carbonates and replaceable bases 
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may be determined together in the leachate by titration and the carbonates in 
the original soil corrected for* Formic acid or nitric acid may be similarly used 
because the acidity can be titrated and the negative radical, formate or nitrate, 
estimated also by titration. As the chloride ion is easy to titrate HC1 is a very 
convenient leaching agent. 

Experimental. 

The following solutions are required 

(i) A solution of HC1 containing 5 e.c. of cone, acid per litre. This is 
approximately 0*05 N but need not be standardised. This solution 
may be prepared in a Winchester quart bottle as often as required. 

(li) A decinormal solution of NaOH which has been freed from carbonate 
by treatment with baryta or by some other method. A. saturated 
solution of calcium hydroxide may be used instead. It must be 
freshly titrated before use. The fresh solution is about 0*04 N. 
In the experiments described in this paper lime water was used to 
demonstrate the differences due to various indicators which would 
not be so striking when stronger solutions of alkali were used. 

(Hi) A decinormal solution of silver nitrate. 

(iv) A ten per cent, solution of pure potassium chromate or one per cent, 
solution of fluorescein. 

The soils used were taken from the permanent mammal plots of the College 
Farm, air-dried and passed through a 2 mm. sieve. They contain practically 
no chlorides. The organic matter was low, being less than three per cent, lumms. 
The soils were only slightly calcareous, the CaC0 3 being less than one per cent. 
Qualitative tests showed that the extracts contained only the merest traces of 
sulphate and phosphate. In any case they will not interfere with the titration. 

25 gnus, of soil were weighed into a tall narrow beaker and treated with 75 e.c. 
of dilute HC1. The mixture was stirred at short intervals, allowed to settle and 
the clear solution decanted through a filter into a measuring flask of nitre 
capacity. The treatment was repeated using 60—70 c.c. of acid each time. The 
calcium was usually completely removed when about 600 c.c. of liquid had been 
collected in the flask. According to Gedroiz the energy of absorption of calcium 
by soil is greater than that of magnesium, potassium and sodium, but Joseph and 
Oakley [19 29 ] and also Wilson [ 1929] have shown that potassium is more 
strongly absorbed by soil than Ca, Mg and Na. As 0a is very much more 
abundant in the soil than the other bases it may be assumed that when Cais entirely 
removed the other bases are also removed. Accordingly when the test had shown 
the complete removal of 0a, three or four more treatments were repeated as a 
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precaution a mi then the volumi was made up to 1 litre. Several samples were 
treated simultaneously. With soils poor in bases 50 grins, were used but wit 
highly calcareous soils 10 grins, only were used, and in the latter case the strength of 
the leaching acid was increased to 0‘1 N or even 0-2 N in the earlier stages of the 
treatment so as to keep the volume of leachate below one litre. 

Fifty c.c. of the leachate was titrated with 0'1 N NaOII (CO a -free) using 
phenol phthalein as indicator until the colour remained just pink on boiling. 
When the end point was approached a pale pink colour developed, but on >oi ng 
the colour disappeared, and the liquid remained colourless on cooling. Further 
drops of alkali were added and the boiling repeated. At the end point, the pmk 
colour persisted even on boiling, although very pale. On cooling the colour 

flCC1 The neutral solution obtained as above was thoroughly cooled and the pmk 
colour discharged by adding a small drop of dilute acetic acid. A fresh portion 
of the extract neutralised with a slight excess of pure CaCO, may be used more 
conveniently. Two drops of potassium chromate or fluorescein were then added 
and the solution titrated for chloride with silver nitrate. A blank correction was 
made in each case. Fluorescein is better than chromate as the end point is sharper 


and moreover it may be used in presence of barium. 

If 50 e.e. of soil extract required 24 c c. of 0‘1 N NaOH, and 29 c.c. of 0 1 . 
Aa m s the total bases correspond t 0 5 c.c. of 01 N solution. Hence the total bases 
in 100 grms. of soil are equal to £ X ^ X f or 40 milli-eqts. An error of one drop 
(0-05 c.c.) in the titration difference will amount to 01 milli-eqts. when 25 grms. of 
soil are leached to 1 litre and 50 c.c. titrated. 

The indicator. 

In the titration for acidity the indicator used requires comment. Various 
indicators have been used for the titration of soil extracts hut data are not given 
to show which of the bases are returned as replaceable when a particular indicator 
is used. The usual idea has been that the chlorides of iron (ic) and aluminium are 
so readily hydrolysed that their solutions may be regarded as dilute HC1 and that 
any ordinary indicator may he used in titrating them. Thus, for the titration of 
soil extracts obtained by electrodialysis methyl red has been recommended by 
Humfeld [1928], Wilson [1928], Crowther and Basu [1929] and Basil [1931]. In 
particular Humfeld states that when hydroxides are titrated directly with standard 
HC1 using methyl red as indicator the end point is not sharp due to the absorption 
of the indicator by the hydroxides of A1 and Fe. He also states that satisfactory 
results are obtainable if sufficient acid is added to dissolve the whole of the pre- 
cipitated hydroxides and the excess of acid titrated back with alkali and methyl 


A TITRATION METHOD FOR EXCHANGEABLE BASES IN SOILS 


231 


1 * , 



red until the red colour changes to brownish yellow, Belgrave [1927] uses phenol 
red for titrating soil extracts containing A101 3 . Rice-Williams [1929] used pheno 1- 
phtlialein and points out that any ferric and aluminium chloride in the solution will 
be estimated as free acid. He also recommends that the liquid should be boiled to 
expel C0 8 for special accuracy. 

It may be stated at once that the lack of sharpness in the end point is not due 
to the presence of C0 2 but due to the incomplete hydrolysis of aluminium chloride. 
The observation of Rice-Williams that methyl orange is useless for the titration of 
soil, extracts and the author’s observation that a C0 2 -free solution of A10J 3 gives 
an indefinite end point when titrated in the cold with 00 .r free alkali using phenol- 
phthalein as indicator, support the above view. If C0 2 - were the cause of the dis- 
turbance the pink colour of the liquid with phenophthaiein or the yellow colour 
with methyl red produced in the cold by adding alkali ought to persist even on 
boiling but the reverse -was found to be the case. 

It was therefore decided to study the titration of pure solutions of A1CI V 
FeOlg, and MnCl 2 with alkali using various indicators. 

If a solution of AiCl 3 is titrated for acidity and for chloride ion the two values 
should be identical. This identity was observed in the ease of HC1 when titrated 
with alkali using methyl red, phenol red. cresol red and phenolphthalein as indi- 
cators and with silver nitrate. On the other hand with pure A1C1 S most of the 
indicators gave acidity figures lower than the chloride content. With phenol- 
phthalein as indicator in boiling hot solution values agreeing with the chloride 
titration were obtained. The values using cresol red were only very slightly less. 
The titration data are shown in Table I. 

Table I. 


Titration of 25 ox, of AlGl 8 with 0'1 N AgNO s and lime water ; 

Volume of AgN0 3 required =5*5 c.c. 

Calculated volume of lime water (0*03754 N) . , . =14*65 c.c. 


No. 

Indicator 

pH at end 
point 

Vol. of lime 
water reqd. 
c.c. 

Remarks 

1 

Methyl red ", 


5-1 

13*3 

Cold. 

2 

Do. ... 


5*1 

13*6 

Boiled and cooled. 

a 

Do. 


5*1 

13*85 

Boiled and titrated hot. 

4 

Phenol red , 


7-7 

13*9 

i Cold. 

5 

Do. 


7*7 

14*25 

Titrated hot. 

6 

Cresol red . . . . ■ . "■ 


8*2 

14*5 

Do. 

: 7 

Phenolphthalein 


9*7 

13*7 

Cold. 

8 

Do. 


9*7 

14*65 

Titrated hot. 
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Crookes states (Select Methods in Chemical Analysis: p. 159) that ‘‘it is an in- 
teresting fact that alumina is alkaline to methyl orange and acidic to litmus 
solution ” and on this basis describes the titration of sodium aluminate, bv 
Gatenby's process. According to this titration of a solution of the sample with 
N HC1 and phenolphthalein gives the NaOII ; further titration of the same solution 
in the cold with N HC1 and methyl orange gives the alumina with sufficient 
accuracy. In the second stage of this titration aluminium hydroxide functions as 
an alkali. An attempt was therefore made to titrate A1C1 3 by adding an excess of 
lime water or NaOH and titrating back the alkali in presence of phenolphthalein 
in the cold. Hear the end point the colour became very pale and the actual end 
(i.e., the solution becoming colourless) was not sharp. With methyl red as indicator 
no definite end point could be obtained showing that A1(0H) ;J behaves like an 
alkali towards this indicator. It would appear therefore that when a solution 
containing alkali and A1(0H) ;! is titrated with acid some of the acid is taken up by 
the Al(OH) 3 to form A1C1 S and thereby an overtitration with acid will be required 
to attain the end point. Titration in boiling solution, however, gave the correct 
end point. The results obtained by the alternative procedure are given in 
Table II. 


Table II. 



Excess of acid 
d. o ver 


Ttimtiwn of 25 o. g. of AlCl s after adding excess of alkali. 
Volume of 0 - l VAgNOg required .... =8'1 c. c. 

Calculated volume of lime water ((>'0360 N) . ,■ =22 - l c. c. 

Phenolphthalein was used as indicator. 


Remarks 
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It was also found that in experiments 2, 3 and 4 the solutions required exactly 
CHS e. c. of lime water to restore the pink colour in boiling solution. However, 
the error involved in this method is negligible. Apart from the sharpness of the 
end point, the use of a stronger solution of acid appears to he liable to cause 
greater error as it would react with A1(0H) 3 more readily than the very dilute 
acid. 

The titration of ferric chloride with alkali did not cause any difficulty. A 
short boiling near the end point was sufficient to obtain the correct value. The 
results are shown in Table I'll. 


Table III. 

Titration of 25 c. e. of FeCl% with AgNO s mid lime water . 
Volume of AgNO s required .... =3*9 c. c. 

Calculated volume of lime water . . • =10*65 c. c. 


r 


Unlike ferric and aluminium chlorides a cold solution of manganese chloride 
was found to he neutral (or alkaline) to all the indicators tried. Even one drop of 
lime water added to a solution of MnCI 2 in presence of phenolphthalein caused a 
pink colour. Methyl red showed slight alkalinity directly. Phenol red showed an 
almost neutral reaction. When the solution of MnCl 2 was heated in presence of 
lime water acidity developed progressively towards phenolphthalein and eresol red 
but methyl red showed persistent alkalinity. The titration was therefore possible 
only with the first two indicators. During the titration a brown precipitate was 
formed, presumably hydrated manganic oxide. The absorption of oxygen and the 
consequent formation of the precipitate appeared to be essential to attain the end 
point. By boiling repeatedly between additions of lime water the end point was 
reached fairly rapidly. The pink colour of phenolphthalein persisted for at least 
five minutes (sometimes much longer) but afterwards the colour faded and dis- 
appeared probably due to the further oxidation of manganese which caused a 
further absorption of lime. The titration values are given in Table IV . 



Wo. Indicator Remarks 


1 Cresol red . . . . . 10 '65 e. c. Boiled and titrated hot. 

2 Penolphthalein .... 10 - 70 c. c. Do. 
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Titration of 25 g. o. of MnCl s with AgNO z and lime water 
Volume of 0*1 N AgN0 3 required . . . . =( 

Calculated volume of lime water (0*03754 N) . . =17 


In order to determine the nature of the oxidation product the precipitate 
obtained in the phenolphthalein titration was treated with potassium iodide and 
HOI and the iodine liberated was titrated with standard thiosulphate* In two 
experiments 2*3 c.c. and 2*4 c.c* of decmormal thiosulphate were required* These 
correspond to the formation of Mn 3 0 4 , usually known as “ foxy ” or “ red 99 batch 
sometimes formed in Weldon's process for the recovery of Mn0 2 (Partington : The 
Alkali Industry : p. 116). 

Prom these experiments it may be concluded that when soil extracts containing 
HC1 and the chlorides of Fe, Al, Mn, Ca, Mg, K and Ka are titrated in boiling solu- 
tion with alkalies using phenolphthalein as indicator, the HC1 and chlorides of Fe, 
Al and Mn will be accurately returned as acid* Any replaceable ammonium present 
as the chloride will also be included as acid. The titration values for soil extracts 
are shown in Table V. 

Table V* 

Titration of 25 c. c. of soil extract with lime water {0*03754$). 


Volume of lime water required in c. e, 


Indicator 


Methyl red . 
Phenol red • 
Crcsol red . 
Phenolphthalein 


These data show that the use of methyl red and phenol red is liable to cause 
distinctly high values for total bases. 


No, 

Indicator 

Lime water 
required c. c. 

Remarks 

1 

Methyl red 

Nil 

Cold* 

2 

Phenol red . * . 

One drop 

tt 

Boiling hot — too slow. 

3 

Cresol red . 

1*5 c. c. 

4 

17*4 e. c. 

Boiling hot. 

5 

Phenolphthalein . 

17*8 c* o. 

it 

6 

it • • * • 

17*85 e. c. 

it 
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Analysis of the soil extkacts. 

In order to have a check on the values for total bases obtained by titration the 
Ca, Mg. K and Na were estimated in each sample by direct methods and the totals 
obtained by addition. Although Mn was present in the extracts it was included as 
acid in the titration and therefore it was not estimated. 

Calcium. — 200 c.c. of the extract was evaporated to dryness, treated with 5 c. c. 
of cone. HN0 3 and again evaporated to dryness. The residue was gently ignited 
and extracted with nitric acid. The Fe, A1 and Mn were removed by treatment 
with NITjC!. NH 4 OH and 10 c. c. of hydrogen peroxide followed by boiling. Al- 
though the removal of Mn by H 2 0 2 is liable to cause slight loss of Ca under stronglv 
alkaline conditions, the method is very covenient and the loss is negligible, as 
the amount of Mn is extremely small. The calcium in the filtrate was precipitated 
with a slight excess of ammonium oxalate, and the calcium oxalate titrated with 
standard KMn0 4 . 

Magnesium.— - The filtrate from the calcium estimation was evaporated to small 
volume and after acidifying the liquid with a little HC1 the magnesium was precipi- 
tated from the acid medium as recommended by Miss Epperson [ 1928 J by adding 
excess of a 10 per cent, solution of ammonium phosphate and neutralising with a 
slight excess of ammonia. After stirring for a few minutes to induce crystallisation, 
about 10-15 c. c. of strong ammonia was added and the liquid left, covered over- 
night. The precipitate of magnesium ammonium phosphate was purified by repre- 
cipitation under similar conditions as before. After standing four hours the preci- 
pitate was filtered and washed wdth dilute ammonia. The beaker and filter were 
exposed to the air for about 1 hour to remove the free ammonia and then the preci- 
pitate was dissolved in excess of standard acid and titrated with alkali and methyl 
orange as in the method of Handy [ 1900 ]. Close agreememt was obtained with 
the standard pyrophosphate method. The results are shown in Table VI. 

Table VI. 


Magnesium in soils. ( Milli-equivalents per cent.) 


Soil 

Handy’s method 

Pyrophosphate method 

1 


• 




22-4 

21*76 

la 

V; . W V 

- 

• 

. 

* 

23*2 

23-96 

2 

■■■ 

• 


• • 

* 

22*1 

22-72 

2a 



,'V/: 

« 

* 

21*9 

22-28 





Average 

* 

22*40 

22-68 





' ’*> * » : 


Mali 
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p- +u 0 pobaltinitrite method essentially as 
Potassium.— This was « l<i ^ V 2 00 c. c. of the extract was evapo- 
described by Dodd [ 1924 ] anr 1 ne • -* c c HNO, and the residue gently 
»’«> *» lU-ynem with the ^ j 0l d extracted with water and 

ignited on a wire 8““ <» r » fc " m ’ , a t]l0 reage nte were then added 
filtered. The filtrate „a« evaporated to . tea '*»£ “ » coW acetic 

end the whole evaporated tc .d^e.e on wafcr TOS added to 
acid was added and after sta J ^ ffltered tlmragh as bestos in a Gooch 

dissolve the soluble salts. The j -I titrated with (V05 N potassium 

ly the theoretical 

permanganate and oxalic a * £ tained by the standard perchlorate method 

factor. The results agreed with those obtained oy 

ami are shown in Table VII. 



Average 


— This was estimated in 100 e.c. of the extract by the m^bodof Barber 

andSoM pm The extract w» 

dr^lw^ihen^ 

Sp" itn P of C I large amount of solid which could not be removed by solution, and 

tlie X^^forllui^Sned by titration and by addition of the separate 
bases, and’ also the exchangeable bases alter correction for carbonates are shown n 

'V7TTT 


Table VII. 


Potassium in soils. (Milli-e quivalents per cent.) 

Cobaltinitrite method I Perchlorate method 
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COMPARISON OF THE RESULTS WITH THOSE OBTAINED BY ELECTRODIALYSIS. 

Previous experience with the electrodialysis method of Growth er and Basil 
[1929] had shown that the values obtained for total bases and Oa and Mg in acid 
soils are reproducible and in agreement with those obtained by standard methods. 
On the other hand with calcareous soils prolonged electrodialysis caused continued 
removal of bases. Although the Ca was not much affected the total bases and Mg 
had increased very considerably ; Some of these observations are shown in 
Table IX. A comparison of the results obtained by the author's titration method 
with those obtained by electrodialysis with four acid soils showed satisfactory 
agreement, but a similar comparison was not attempted in the case of calcareous 
soils. The data for acid soils are given in Table X. It should be pointed out that 
in both methods the total bases were obtained by similar titration. 


Table VIII. 

Total and exchangeable bases in soils . (Mitti-equivalents per cent,) 


Total Total 

bases bos es Carbon ate 

addn. titration 


Exchange- 

able 

bases 


30*60 

27*36 

3 P 32 

27-20 

29-88 

26*64 

26*64 

26-64 

35*28 

32-40 

29-88 

27*72 

31-68 

32*40 

33*12 

31*00 

31-00 

28*20 

27*70 

9*30 

9*68 


10*42 
11-04 
7*67 
10-26 
9-00 
10-23 
9-30 
10-02 
8-00 
8-00 
6-00 
11*40 
7*60 
8*20 
10-00 
10*00 
13*00 
11-20 
12-20 
6*50 : 
6*44 
5-92 
5*92 
0*60 
6*20 
281*40 
88*80 
161*20 
Nil 


43*38 

41-09 

41-62 

40-60 

41*03 

39-32 

38*53 

39*56 

45*78 

43*55 

38*00 

41*82 

41*60 

43*52 

45-37 

44-19 

47*57 

42 - 48 

43 - 53 
16*89 
16-96 
21*93 
22*22 

295*60 

146*93 

972*84 

438*22 

675*03 

508*96 

200 

6*22 


43*12 

40*72 

41-76 

40*72 

40*96 

39*60 

38*80 

39-76 

46*08 

44*16 

38*88 

41*60 

42*24 

43*84 

44*40 

44*00 

47-20 

41-92 

43-20 

16-72 

17*12 

22-16 

22*16 

296*00 

147*20 

973-20 

438-40 

675-20 

507-20 

2-04 

6-25 


34*02 

33*02 

31*76 

30*72 

31*86 

31-40 

31*70 

31-56 

32*88 

30*96 

29*33 

31*15 

31*79 

35*64 

33*95 


9*10 

7-70 

10*00 

10*00 

9-10 

8*20 

7*70 

8*20 

13*20 

13*20 

9*55 

10*45 

10*45 

8*20 

10*45 

10*45 

9*60 

9-10 

8*20 


15*68 

270*00 

115*80 

684*00 

334*80 

508*00 

494*00 

0*85 

3*50 


253*60 
J 04*50 
955*00 
422*70 
644*10 
409*90 
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Table IX. 

Exchangeable bases in soils by eleMrodialysis. 


[II, hi. 


147a 

147b 

147o 

147d 

81a 

81b 

81c 

Mandalay a. 

h 


Time 

9 

hours 

104 


12} 


14} 

23 


23 

14} 


IH 


73 

** 

11 

days 

11 



Total Ca Mg 

bases rn.e. m. e. 


Remarks 


b, c, cl are dupli- 
cates. 


6*7 Calcareous. 


32*7 10*6 


Table X. 

Exchangeable bases in acid sails. (Milli-eguimlents. per cent.) 

goi j I Author’s method jElecfcrodia lysis method 


Average 


16*72 

16*90 

17*12 

17*20 

22*16 

21*40 

22*16 

22*90 

19*65 

19*00 


Discussion. 

The use of 0 05 N HCl for base exchange work has been objected to as it is 
supposed to decompose the exchange complex. The extraction of Fe and A1 by 
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this reagent has been attributed to this decomposing action. Novae and Malac 
[ 1927 ] have compared the exchangeable bases extracted from a podsol soil by 
dil. HG1 with those extracted by Nad, NH 4 d and BaCU. The data show that 
the total exchangeable bases as well as the separate bases Ca, Mg and K extracted 
by all the reagents are in close agreement. Mattson [ .1926 ] has similarly com- 
pared the values of the exchangeable bases in two soil colloids by extraction with 
N NH 4 d, 6*05 A 7 HC1 and by electrodialysis. The agreement between the three 
methods is very close for total and individual bases. The extraction of silica and 
sesquioxides is greatest by HC1, somewhat less by electrodialysis and least by 
NH 4 C1. 

In an important research on the nature of the base exchange complex in soils 
Kerr [ 1928 ] prepared the acid corresponding to the complex without causing de- 
composition by extracting the replaceable bases with 0*1 N HOI. He also found 
that N HOI decomposed the complex and utilised this fact for its analysis. 

The ability to dissolve sesquioxid.es is apparently not confined to HOI only; 
Novae and Malac have given data for an acid podsol soil No. 107 which show that the 
amount of sesquioxides dissolved by 0*05 N HOI from all the horizons (60-70 m. e, 
in A, and A2 ; and 5-10 m. e. in B and 0) is almost the same as that extracted by 
normal solutions of NaCh NH*CL or BaCl 2 . Further, McQeorge [ 1929 ] has 
shown that during electrodialysis of Hawaiian soils much iron, aluminium and 
manganese passed into the dialysate and that the residual soils from this treat- 
ment had almost the same exchange capacity as the original soils. It is therefore 
evident that the oxides of Fe, Al, and Mn arise from, sources other than the ex- 
change complex. Parker [ 1.929 ] has shown that r Fe and Al are not present in 
exchangeable forms in the soil. Although Mn has been proved to be exchangeable 
by Scholl enburger [ 1927 ] the amount of Mn normally present in this form, is quite 
small. 

The existence of alumina and ferric oxide in the soil in the free state in hy- 
drated and colloidal forms is well known and recently Hardy [1931] has des- 
cribed a method for their estimation. It is to be expected that such reactive forms 
of the sesquioxides will be dissolved by HCI. Neutral salts are also capable of 
dissolving them by indirect action from acid soils. For instance NH 4 01 liberates 
considerable acidity by exchange reaction with the hydrogen ions of the complex ; 
ammonium acetate dissolves aluminium hydroxide from the soil by peptising ac- 
tion as stated by Schollenburger and Dreibelbis [1930]. In acid organic soils, such 
as the podsols, Fe and Al, may be present as liumates which are decomposable by 
acids and neutral salts. There is also the possibility that the Fe and Al, of orga- 
nic soils exist as colloidal hydroxides protected by the humus. In the latter case 
the dissolving action of neutral salts may be due to the acidity developed by inter- 
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action of the humus with the salts. An examination of the condition of Fe and 
A1 in organic soils by Hardy’s method will therefore be of interest. 

It may be concluded that bases are liable to be present in soils as carbonates, 
silicates, bumates and hydroxides in addition to the amount in exchangeable form 
and that whatever reagents are employed for the extraction of exchangeable bases 
some portion at least of the extraneous material will be dissolved. A correction 
is easily applied for the carbonates dissolved by determining C0 2 . This seems to 
be the only correction that has been applied till now. According to Thomas [ 1929] 
it seems to be feasible also to apply a correction for the silicates decomposed by 
estimating the silica liberated and assuming this to he present as metasilicate. 
The bumates arc to be regarded as exchangeable but only a small amount of wtuk 
has been done on this subject. If hydroxides such as magnesium hydroxide arc 
present in soils no correction is possible for these. In any case when a soil contains 
Ca and Mg in exchangeable forms and also as carbonates and silicates there is no 
method for determining the separate amounts. , Although the method described in 
this paper was worked out originally for slightly calcareous soils, numerous experi- 
ments have shown that it can be used equally well lor highly calcareous soils and 
also for soils poor in bases. So far the author had no opportunity to exa- 
mine the highly leached organic soils of Assam and Malaya which are reported to 
yield coloured extracts but it is hoped to deal with them in the near future. 

Summary. 

(1) A simple method has been described for determining the total exchange- 
able bases in soils. The soil is leached with approximately 0’05 N HC1 and the 
leachate titrated for acidity and total chloride. The difference between these 
titrations corresponds to the chlorides of Ca, Mg, K and Na. The bases present as 
carbonates are corrected for by a C0 2 determination. 

(2j Various indicators suitable for the titration have been tested and the condi- 
tions for the accurate alkalimetric titration of the chlorides of Fe, Al, and Mn 
determined. 

(3) Data are presented to show the nature of the agreement obtained by differ- 
ent methods «for the estimation of magnesium, potassium and total bases. 

In conclusion, the author wishes to express his gratitude to Mr. J. Charlton, 
M.Sc.. F.I.C., Agricultural Chemist, Burma, for encouragement and advice, and for 
permission to publish this paper. 
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It cannot be sufficiently emphasized that for a proper control of any insect pest, 
full ancl accurate information regarding its food plants is absolutely indispensable. 
The eradication of the alternative hosts as an effective method of insect control 
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has wide application and the elimination of the centres of infection is always an 
important consideration. For the control . of Dmlmrodes cilri *, • Asbm., Berger 
[1903, 19 10 j r ecommended that the alternative hosts * should be cut down and 
immediately burned '* and he did not spare even the ornamental plants. “ It seems 
akin to vandalism, 35 says Berger, “ to sacrifice some of the ornamentals, but all 
successful warfare consists, in some degree at least, in reducing the number of the 
enemies' strongholds/ 3 Such an action can. only be taken after a very thorough 
inquiry, because if the sweet scented jasminum had been destroyed in. India to 
safeguard the citrus trees from the attack of D. cilri , the verdict of 4 vandalism ? 
would have become appropriate. 

Unfortunately, not uncommonly, sufficient care is not exercised in determining 
the alternative hosts of even some of our commonest pests. The; possibility oi: the 
same insect having different food plants in different countries is admitted, and a 
change in diet is also not an uncommon phenomenon among insect pests. In such 
cases, however, it is still more essential to obtain an accurate determination oi the 
pest concerned and authentic records of its food plants. 

In the United States of America investigations on D. cilri , Ashrn. were carried 
out mainly during 1903-10. At that time very little taxonomic work had been 
done on the Aleyrodkke, and Quaintanee and Baker were just laying the founda- 
tion of their excellent studies of this family. The difficulties oi accurate deter- 
mination of the Aleyrodkke have been sufficiently impressed by Morrill and Back 
[1911]. 

(Jossard [1903], Berger [1908, 1910], Morrill and Back [1911], and Woglum[1913] 
made observations on the food plants of D. cilri in the U. S. A. and Woglurn 
visited the Orient including India. Fletcher [1914, 1920], Misra [1923] and Lamba 
[1981] have recorded the food plants of this pest from various parts of India, 
particularly Pusa. The present authors have studied the problem in the Punjab, 
and have examined material obtained from Pusa and Nagpur. 

II. Alternative food plants. 

Below is given a full list of the plants so far mentioned by different investi- 
gators as the alternative hosts of D. cilri . As will appear from what follows, the 
authenticity of this record is questionable in some cases, and in a few others the 
information is certainly incorrect. 

* Synonymy :■ — 

Aleyrodes citri , Ashmead. FI. Dispatch, n. sr. VoL II, 1885. 

Aleyrodes citri , Kiley & Howard. Insect Life, V. no. 4, p. 211), 1893. 

Aleyrodes mjmim var, aumntii. Mask. Trans. & Proc. N. Zeal, Ins, V, 28, p, 431, 1895, 

Aleyrodes aurantii, Ckll. FI. Agrie. Exp. Sta. Bull, 67, 665, 1903. 

DiaUurodes citri (Ashmead.), Quaintanee & Baker. J. A. K. VoL VI, 1916, p, 469. 
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The list of the food plants ( authentic and questionable) of D. citri, oiheT than 6 iff us 

spp. (Butacea). 


No* 

Pood plants ! 

Family 

Status 

Country 

References 
(see p, 253) 

i 

W megamrpa (Scrub Palmetto) 

Palm® . 

* O. P. . 

Florida 

' 1 , 2 . 

2 

Smilax sp. . 

Liliaceae 

99 ' * 

. * 

1 , 2 , 8 . 

3 

Quercus aqualica * * * 

Oupulifer® * 

t ? 

' . 99 * ■ 

5. 

4 

Q uerens nigra {Water oak) . 

99 " 

0. P. 

.97 * 

2 . 

48 5 

jFtc«e* aUissima . . . • 

Urticace® 

99 

99 ^ ' * 

1, 2, 5. 

6 

PiCM .5 sp. . * . 

19 * 

9 9 * 

Costa Rica 

1, 2, 5. 

7 

P?’c?/5 maerophyUa 

99 . • 

? 

Florida 

8 , 

8 

Magnolia fuscatum (Banana shrub) 

Magnoliace ® . 

0. P. 


8 * 

0 

Michdia /meat a (Banana shrub) . 


99 • 

99 • 

1 , 2 * 

10 

Laurus nobilis ...» 

Lauraee® 

99 * 

California . 

8 * 

u 

Primus carolinum 

Rosace® 

99 * 

Florida 

; 5* 

12 

Pyrus spp. ...» 

99 * 

• 99 * 

vi « 

8. 

"m 

Primus Imirocerasus (Cherry 

laurel). 

>9 * 

99 * 

99 4 

8. 

iiji , i4 

Eubus sp. (blackberry) 

' 99 

J9 • 

99 

2. 

i;> 

Laurocerasus caroliniana 

>» * 

99 » 

99 ' • 

1, 2. . 

10 

Xanlhoxyhmi sp. 

Rutaee® 

#9 * 

99 * 

5. 

kS:$I£'5 

Xanthoxylum clavaherculis * 

99 • 

t P- 

99 • 

S. 

HHh 

P agar a claim Herculis (Prickly 
ash). 

99 

59 * 

99 4 

I, 2. 

SR 19 

Ailanihus glandulosa » 

Simarubiaee® 


California . 

7* 

■ 20 

Melia azedarach .... 

Meliace® 

P. 

Florida 

1, 2, 5, 8. 

■ L 21 

Melia azedarach umbraculifem 

■ ' 

99 * 

99- ; 

99 * 

U 2, 8. 

- 

f 

Hiptage mandalobata . 

. , 

Malpigliiace® 

: 

” 

India 

13. 


* 0 . P.-— Occasionally preferred* 
f P. — Preferred. 

t — The authority for these food plants is not known. 
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No. 

Food plants 

Family 

Status 

Country | 

References 
(see p. 253) 

23 

Camellia japonka 

Temstrcemia- 

cese. 

0. P. 

Florida 

1,2. 

24 

Punka (jramtum (Pomegranate) . 

Lythraeere 

- 


8. 

25 

Myrtm lagerstrmmia . * « 

Myrtaceae 


California . 

7. 

26 

Eugenia jamboos . . 

*>» * 

- 

India 

6. 

27 

Iledera helix (Eng. ivy) 

Arabiaceaa 

** 

California . 

7. 

28 

Ardesia humulis 

Myrsinaces . 

•* 

India 

6. 

29 

Diospyros hold .... 

Ebenace® 

P. 

Florida 

1, 2, 5. 

30 

Diospyros inrgmiana » • 

- 

9 9 * 

9 9 • 

1, 2, 8. 

31 

LiguMrnm amurmce . 

Oleacese 

99- * 

99 ‘ 

5. 

32 

Ligustrwm spp. .... 

39 * 


” 

5, 8. 

33 

Syringa sp. (Lilac) 

J» * 

» 


8. 

34 

. : ■ : ' . : 

Osmanlhus americanus (Wild olive 
or devil -wood). 

>9 : * 

0. P. 

M 

2. 8. 

35 

Fraxiu us lanceo lata (green ash) 

it • 

if * 

. ” 

2, 8. 

36 

Jasminum samhac. 

it • J 

p. 

India 

4, 6, 7. 

37 

Jasminum arborescent , . 

it * 

i 

*9 # 

- ■' • 

4, 6, 7. 

38 

Jasminum ororatissimnm 

93 

? - 

California . 

8. 

39 

Nerium oleander .... 

Apocynace© 

O.P. 

Florida 

1,2. 

40 

Allamanda neriifolia . 

99 

99 

99 * 

1, 2, 8. 

41 

Gardenia jasminoides . 

Rubiacese 

P. 

it * 

1,2. 

42 

Gardenia florida (Gape Jasmine) . 

ft 

59 , * 

it * 

5. 

43 

Gephalanthus occidenialis (Button 
bush). 

99 

0. P. 


2. 

44 

Goffea, arahica , . • 

ft 

99 * 

if 

1,2,8. 

45 

Viburnum nudum 

Caprif oliacese 

99 * 

» 

I, 2, 5, 8. 

46 

Lonicera japonka (Honey suckle) . 

it 

99 * 


2. 
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A great deal of uncertainty has always existed regarding the food plants of 
I). cilri . Berger [1908] has expressed his doubts regarding the water oak and scrub 
palmetto, and with regard to Rulnis sp., Quercus nigra , Bahai megaoarpa, Lonieem 
japonic # , Ficus altissima and Ficus sp. (from Costa Rica) he is not sure as to 
f whether A . rmbifera * or A. ru/ri or both infest them k although he is inclined to 
believe that it is the latter. 

In some cases a plant observed to have an occasional egg and first stage larva 
has been elevated to the dignity of a food plant, as has been clone by Berger [1908] 
in the case of Camellia japonic a. 

Morrill and Back [ 1911 ] confined Citrus White Fly adults on Quercus bremfolia , 
Magnolia foetida, Rubus sp., Pnmus mroliniana (Laural cherry or Mock olive), 
Ficus carica (cultivated figs), and Myrtus lagersimmia (Crape myrtle) and observed 
that all the adults had died within four days without ovipositing, while the check 
lots deposited eggs on the citrus leaves in a normal manner. 

In U. S. A. the China and Umbrella trees (Melia sp. and var.) are regarded as 
the most preferred of the food plants [Morrill and Back, 1911 ]. By some, these 
trees are regarded as the original host plants of D. cilri . In India, Woglum [ 1913 ] 
did not find a single case of a China tree being infested with this pest, * although in 
some cases the foliage of this tree came in contact with aleyrcdida^inl’csted orange 
plants.’ Our observations confirm Woglum s conclusions. In fact even under 
experimental conditions we were not able to transfer D. cilri to Melia azedarmh , 

III. Jasminum, the alleged favoured food plant or original host 

OF D. GIT 111 m 

Woglum came out to India in 1910 in search of the native home of D. cilri, 
and to discover its enemies. He visited all the important citrus glowing parts of 
the country, from Peshawar in the extreme North-West to the Rhasia hills of 
Assam in the East, from Sikkim below Tibet to Nagpur in the Central Provinces 
and Poona in Bombay. Everywhere in this territory, where citrus grew, he found 
D. cilri . Besides Citrus spp. he mentions Jasminum sambac and Eiplage mandalo - 
bata as the food plants of this pest. And regarding the former he says : 

e 6 In India the White Fly prefers jasminum as a host plant over citrus 
trees. On this plant the insect was of much greater occurrence and 
capable of withstanding climatic conditions better than on any 
other host. Viewing the problem entirely from the stand-point as 
seen by the waiter in India it would appear that jasminum. was the 
original host rather than citrus.” 


* &yn. Diahurodes citrifolii (Morgan). 
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Fletcher [1920] records Jasminum samhim as the food plant from Pnsa. Misra 
[1923] records Jasminum mmbm and J. arborescent as the alternative and favoured 
food plants of IX oitri . Larnba [1931] also includes jasminum among the food 
plants of IX dirt, 

IV. Field observations in the Punjab. 

During the course of our investigations on the Aleyrodkte of citrus in the 
Punjab, we have had numerous opportunities of carefully examining all types of 
vegetation, cultivated and wild, growing in and around citrus orchards, hut so far 
IX oitri has not been found on any plant other than Citrus spp. The plants pre- 
viously reported as the alternative hosts such as Jasminum spp„ Melia azedarmh , 
Punim gr malum (pomegranate), Ficus rdigiosa, Pynts communis (pears), were 
carefully examined in Dora Ghazi Khan, Muzaffargarh, Multan, Lyallpur, Sargodha, 
Gujramvala, Gujrat, Lahore Amritsar, Gurdaspur, Juliundur, Ferozepore, Ambala 
and Gurgaon, but in no case was IK oitri found on any of them. Of course various 
other species of Aleyrodidie were collected from all these plants with the exception 
of Melia azedarmh, from which so far we have not obtained any species of the White 
Flies [confirming Woglum, 1913]. 

It will not be out of place to mention that Woglmn [1913] carried out his 
observations in the Botanical garden, Lahore, where he found citrus hedges severely 
attacked by IX oitri. In this garden the commoner trees of almost all the 
families are growing in close proximity. The following plants in this garden were 
thoroughly examined in December 1931. but no evidence of IX oitri infestation was 
discovered, while at the time of examination citrus hedges were badly infested 

Smilax sanolifolia (Liliacese), Quetous sp. (Cupuliferse), Ficus religiosa, 
F. earioa, F* ratanus ( Urtieaeem), Magnolia ymndijlonm (Magnoliaeese), Pyrus 
communis , Primus persim, P. domestim (Rosacea*), Xanthoxylum album (Rutaceae), 
Melia azedarmh (Meliacem), Hipfage mandalobala (Malpighiacese), Eugenia jam- 
boos , Eugenia jambokma (Myrtacem), Punim gramtum (Lytliracem), Diospyros 
ka/d , D. cordifolia (Ebenacese), Jasminum sambao , J. Immile , J. chrysantlm , J. offici- 
nale, Ji aurioublm, Jasminum sp., J\ pttbeseense, J . grandijlorum , Ligusinm luoi- 
dum (Oleaeese), Nerium odorum , N» album (Apocynaceae), Ardesia Jmmulis , A, 
piokeringa, A . solameew (Myranaceas). 

Practically everywhere in the Punjab, Jasminum spp. have been found highly 
infested with I X kirkaldyi , Kot, Plots of Jasminum growing close to orange trees 
were examined specially carefully. At ’Lyallpur in a big garden* a Jasminum plot 

* S. Jiwan Singh, Ohack Ho. 213, R. B, Lyallpur. 
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of about 4 rnarlas (1,089 sq. ft.) is located quite near the orange plantation. The 
Citrus are very badly infested with D. citri every year, while the Jasminum plants 
are attacked by D. kirkaldyi , but not by D. citri . Similar instances have been 
observed at Gujranwala, Sargodha and Lahore. 

Woglum [1913] mentioned Iliptage mandalobafa as one of the alternative food 
plants of D. min in India. A vine growing in the Botanical Garden of the Punjab 
Agricultural College, Lyallpur, was examined and found to be lightly infested 
with I). kirkaldyi . A plot of Jasminum spp. and some citrus plants were also 
present nearby. Jasminum plants were attacked by D . kirkaldyi and citrus by 
D. citri , but in spite of the fact that both the species of the genus Dialeurodes were 
present, Hiplage was only attacked by D. kirkaldyi . Leaves of Iliptage numdah- 
bata collected from the Botanical Garden, Lahore, also showed a very heavy attack 
of D. kirkaldyi, but were not infested with 1). citri . 


V. Breeding experiments. 

The following experiments were conducted at the Entomological Field Labora- 
tory, Lyallpur, for verification of the food plants of Dialeurodes citri , Aslim. 

1. Adults of D. citri obtained from Citrus spp. were liberated under voile 
cloth sleeves on Jasminum sambac, possessing fresh growths of leaves. The experi- 
ments were repeated several times, but it was observed that adults died within 1-2 
days without ovipositing. Only in one instance a few eggs were laid, but the 
nymphs died on hatching. 

2. Similarly, a very large number of adults of D. citri were liberated on the 
following plants, but in no case did they oviposit: Punica granatum (Pomegranate), 
Psidium guava (Guava), Melia azedarach (China tree), Ficus religiosa (Pipal), Ficus 
carica (Fig), Pyms communis (Pears), Aegle marmelos (Beal), and Murraya exotica . 

3. Side by side control experiments were also conducted, a large number of 
adults of 1). citri being liberated on citrus plants under similar voile cloth sleeves. 
In all cases, heavy oviposition was observed. The eggs hatched out and the 
nymphs successfully reached the adult stage. 

4. The adults of D. kirkaldyi, Kot. from Jasminum sambac were sleeved on 
citrus plants but no oviposition was obtained. 

5. Adults of D. kirkaldyi, Kot. from Jasminum sambac were also liberated on 
Jasminum plants and they were observed to breed successfully. 

The following statement gives details regarding these experiments. 



FOOD PLANTS OF D1ALF.U ROVES C IT It l : ALEYEODIDAE 
Experimental Record. (Locality : Lyallpur). 


. j. No. of 1 Plants 
Date Of sleeving! adults i on which 
f sleeved sleeved 


■Bate 

of 

oviposition 


Bate 

of 

emergence 


Adults sleeved: TJ. eitri. 

Plants from which taken: Citrus. 


7th September 
1 ( 120 . 

7 tii September 

1029. 

7tli 'September 

i 029. 

7Ui September 
1020. 

7th September 
1929. 

7 tii September 

1020. 

15th * March 

1030. 

15th March 
1030. 

17 th March 

1030. 


315 Jasminum sain- 1— 
Me. 

250 • Citrus- median , t»— 

var. acita. 

245 J. samhne • 1— 

340 V, t iH' dial t var. 0— 
acita. 

450 J. samba c . 1- 

215 ' C. medial , var. 6- 
uata. 

3 ') 5 tf . sarnbac . 1 ~ 


| Sfch to 15tli 
| Sept. 1020. 


8 th to 14th 
Sept, 


8th to 52th 
Sept .1920. 


"J. medica , var. 6 
acita. 


340 C. medial 
acita. 

310 J , samhtu 


6—7 lf»th to 22nd 
Mar. 1030; 
1—2 18th Mar. 
1030. 


18th to 25 tii 
Sept. 1030. 

10t it to 27th 
; Sept. 1020. 

20th to 26th 
Sept. 1920. 


20th Mar . to 1 
i 0th Apt 1030 


C. medial, var. 6 — 7 I9th to 26th 
acita. ! Mar. 1030. 

Punka granatum j 1—2 


Psidium guava . 1—2 

Melia dsedarach 1—2 

Ficus religiosa . 1—2 

Pgrus communis 1— 2 

Aegle murmelos . 1 — 2 

Murraja exotica 1— 2 

C. medial , var. 1—2 27th 
acita. 1030 

(\ medial, var. 6—7 27th 
acita. 


20th Mar. to 
8 th A pi- 1030. 


rth to 2oth 

Aug. 1030. 


6th Sept, 1930 

6 th to 15th 
Sept. 1930. 


j No oviposit ion. 

| 

S5t.Ii Mar. 1030 Heavy ovi pota- 
tion. 

No oyi position. 

!0th Mar. 1030 Heavy oviposi- 
ti on . 

No imposition. 

10th Mar. 1930 Heavy imposi- 
tion. 

No oviposition. 

20th Aug. 1030 Heavy ovlfosi- 
tion. 

, Only 8 eggs were 

laid but the 
nymphs died on 
hatching.' 

20th Aug. 1030 Heavy imposi- 
tion. , J 

4 replicates but 
no oviposition. 

3 replicates but 
no oviposition. : 

4 replicates _ but 
no oviposition. 

.. 3 replicates but 

no- oviposit! oil. 

3 replicates but 
no oviposition. 

3 replicates but 
no oviposition . 

3 replicates bat.-- 
no oviposition. 
10th Apl. 1031 Heavy oviposi- 
tion. 

17th Apl. 1031 Heavy oviposi- 
tion. 


Adualfcs sleeved: D. Mrkaldyi , Kot. 


19 th March 

1930. 

455 

C. medka, var. 

; delta. 

1—2 



19th March 

1930. 

440 

Jasminum sam- 
Lac. 

S— 10 

13th to 20th 
Mar. 1930. 

25th to 3 1st 
Mar. 1930. 

19th March 

1030. ; 

396 

C. medka , var. 
acita . 

1—2 



■'19th March 

1030. 

S8S 

Jasminum sambae 

8—10 

10th to 27th 
Mar 1030. 

■28th Mar. to 
9th Apl. 1030. 


No oviposition. ' 

Heavy. oviposj 
■ tion. ■■ 

']^o"o'v!position. 
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VL Examination of material from ptjsa and nagpijr. 

From the above it will appear, that Jasmin-mu spp. are not the host plants of 
j D. cilri and that the species attacking these plants is D. hirlcaldyi . 

Through the courtesy of Mr. T. Rainbiigge Fletcher, Imperial Entomologist, 
Jasmimm leaves infested with White Fly pupae and euparal mounts of pupae, were 
obtained from the Imperial Research Institute, Pusa. The slides were labelled : 
“ Dialeurodes cilri on Jasmimm On examination, however, the specimens were 
found to be D. hirlcaldyi Kot. The specimens on Jasmimm leaves also belonged 
to the same species. 

Specimens of Jasmimm leaves attacked by White Fly were also obtained from 
Nagpur (Central Provinces) through the courtesy of Mr. K. R. Sontakay, Demons- 
trator, Agricultural College, Nagpur. In this case also, the specimens were found 
to belong to IK hirlcaldyi . 

VII. Woglum's facts and inferences. 

Woglum’s facts also support the conclusion arrived at. Woglum [1913] main- 
tained that Jasmimm samhao was the original host of IK cilri. Tie says : — - 

;e The special point of interest is that these bushes are invariably infested with 
the white fly, and usually more or less severely. The writer has seen 
patches of this plant in which almost every leaf of each plant con- 
tained some living white flies. Bushes were sometimes found to be 
very black with sooty mould, a condition never seen in citrus trees. 
Not infrequently the writer has examined as many as a score of orange 
trees with the result of finding living material on only one or two, 
whereas every jasminum bush in the immediate vicinity would contain 
much living material 
He continues : 

u , .......... .in all localities in which jasminum bushes were examined, 

which included Northern and Central India, these were found infested 
with Aleyrodes cifri , and frequently somewhat severely. The white 
fly was found on citrus trees throughout this region, with the excep- 
tion of Central Provinces and the Bombay Presidency ; in these places 
it was seen only on jasminum. 

These facts simply show that D. hirlcaldyi infests jasminum far more seriously 
than D. cilri infests citrus and that D. hirlcaldyi is far more widely spread than 
IK cilri which was not found by Woglum in the Central Provices and in Bombay. 

Again Woglum states : — 

“ In the Central Provinces no white flies were seen on citrus trees, yet in 
numerous instances jasminum bushes planted between the trees in 
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some cases even touching their trunks,, contained many active 
insects/ ’ 

This again shows that the species infesting jasmimim does not attack citrus 
ami that is what we have proved by actual experiments. 

Lastly, Wogiinn puts forth the following as the final proof of his assertion that 
Jasminum mmhm is the favoured food plant of D. mt-ri : — 

“ Enough has already been stated to show the preference, in many instances 
in India, of the white fly for the jasminum rather than for citrus 
plants. The following additional evidence is itself conclusive : During 
May, while adult flies were emerging in large numbers on a jasminum 
bush, a number of small seedling orange trees of very tender foliage 
were placed immediately about the plant, so that the leaves of the 
orange trees, were in contact with those of the jasminum. Very few 
flies settled on those orange trees, while large numbers would be 
present on leaves of the jasminum within a few inches of the former. 
Even if the bush was so disturbed that the flies in their flight would 
settle on the orange trees they would ultimately desert these in order 
to go back to the original food plant/’ 

This very experiment proves, more strongly than any thing else, that Woglum 
was dealing with two different species. The jasminum white fly D. kirlcaldyi Kot. 
naturally would not feed on citrus. 


VIII. Distinguishing features of Dialmmles cifri Ashm. and Dialeurodes 

kwkaldyi * Kot,, 

The pupae IK MrJmldyi may be distinguished from those of D. citri by then- 
smaller size and by their general shape, more particularly by a distinct narrowing 
just behind the thoracic breathing folds and a brown median band on the thorax, 
which in the case of the pupae 'advanced in age, extends up to the vasiform orifice. 
The shape and number of teeth on the caudal margin of the vasiform orifice is 
also different in the two species. The adults can be easily distinguished by their 


Dialmrode.fi Mrkaldyi , Kot*, was originally described by Kolinsky under the name of Ahyrodm 
Mrkaldyi, Kot., in 1907. Ifc was again described by Qnaintance and Baker in 1917 and 
was named Dialeurodes kirkallyi , Kot. The distinguishing features of the pupae of D. dtri and 
D, kirkaldyi given by us agree with those given by Qnaintance and Baker, but the observations about 
tbe faro-wing veins are our own. Regarding the food plants of I), kirkaldyi the only host recorded by 
these authors is Jasminum, but we have discovered another host, ?>R. Hiptage mandalohafa- 
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m D. din the radial sector has a sharp bend while m D. kirMdyi it has only 
° ' t footnrcu a™ tabulated below i 


Dialeurodes dtri , Ashm. 

Female pupa. 

Dialeurodes hirhaldyi, Kot. 

Female pupa. 

l.Srni 1-4— 1-5 X 1-08-1-2 m. m. * • • 

2. Shape: Subelliptical or broadly oval • 

1 . Size: 1*2—1*28 X 1*0— 1*1 m. m. . 

2 Shape: Broadly oval but distinctly narrowed 
behind the thoracic breathing folds. 

3 . Colour: On the leaf, pale yellow with an 
or&nge dr pale yellowish area in j 
the middle. Under the microscope 
semi transparent with a yellowish 
orange area. 

4 , Vasiform orifice : Teeth on the caudal margin 
short, irregular in shape and a 
blunt process in the middle is evi- 
dent. 

3 , Colour: Pale yellow with a median elongated 

dark brown band on the thorax, in 
some cases extending up to the 

1 vasiform orifice. 

4 . Vasiform orifice : Teeth of the caudal margin 

long, thick, prominent and without 
any blunt process in the middle. 

Fore-wing of the female adult .... 

Fore-wing of the female adult • - * * , 

1 . Size:' 1153 x m. m. . • • • 

Breadth proportionately greater 

than D- UrhaldyL 

2. Radial sector : Curvature sharp and greater 

. than in D. hirhaldyi. 

/. Size : l’C.8 X 0-42 m. m. . . • - * 

Breadth proportionately less than 

D. citri . 

2. Radial sector : Curvature slight and gradual. 

% 


IX. Summary. 

A full list of the plants so far recorded as the food- plants of T). cUn. is given, 
but this list requires careful revision. From field observations, cross inoculation 
experiments and examination of the material available, it has been established that, 
in\-he Punjab. D. citri does not feed on any plant other than Citrus spy., and can 

not be bred under experimental conditions on Jmmwum sambac, Mclta azedamch, 

Ficus rdigiom, Fyrus com^ums AegU n^nelos 
%rd Minraya exotica. It has been established that the species attacking Jammm 
“a m&t is D. kirMdyi ,■ which • cannot be bred on CUrt*. The two species, 
although resembling in their general shape, are- distinct m their food preference. 

A ^comparative statement of the distinguishing characters of D. din and 
I). kirMdyi is given.- : . . - - — 


• Male pupae arc, smailer, average bew| - 

A citri — 1-18x0-88 m. m. D. KirkaUm—0 9oX0 71 m. m. 



Fig. 6. — Fore-wing of tbe female. 
{dark ground illumination) 


DIALEURODES C IT til, ASHM. 


Fig. 2. — Vasiform orifice of tbe pupa 


Fig. 5. — Vasiform orifice of the pupa 


Fig. 3. — Fore-wing of the female, 
(i dark ground illumination) 




— - — -* 


¥ ^ v/: , :J; : 






food plants of diakiirrdes citri : aleybodidae. 
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(Witli Plates XVII — XIX-) 

Eabhead and spikes . 

The eaihead of a little lower down, 

from the apex of e horl p 0 r the sake of convenience the spikes ot 

t « gMte d ta «e M - * Old W one, ft. 

thumb. 

Spikelets and flobets. 

f 1 -1 ™ 0 i«+<5fyf two rows of sessile spikelets alternately attached 

to aotlSr* a flattened racti, The ftot, a., distdclaoa.ly arranged i« 

“ ** “'**• 1939 “ d 

.931 ,„d M. na»k th. Oo.ebe, 193. ™»1» .1 Ih« **» 

o/ Agricultural Science. 









Panicle shape - spikelefcs removed* 



f-<"< " *>' 





Mm 




;!WB^S ' iNiLi' - 








Top-curved. Incurved. Open. Top-curved. Incurved. Open. 

Fig. 1. Panicle types in Ragi. Kg. 2. Panicle types— rear view of spikes. 
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The earhead types* 

There are three readily recognisable head shapes in rnfji. namely, the Top- 
curved, the In-curved, and the Open (Plate XVII, fig. 1)* The commonest of these 
in Madras is the In-curved. Next comes the Top-curved and next the 
Open. 

In the In-curveds, the fingers are short and curve in and practically close up 
the central hollow giving the earhead an obovate shape. 

In the Top-curveds, the curved fingers are longer with the result that they 
retain the central hollow. 

In the Opens, the fingers are the longest and gape out and present a charac- 
teristic funnel shaped appearance. On drying they curve out slightly. 

The earhead shapes show best in about the milky stage of the setting of the 
grains and should be read at that time on primary heads. The thumbed heads are 
the most reliable for these readings. 


Head shapes and finger lengths. 

Measurements on the pure lines at the Millet Breeding Station show out the 
most frequent finger lengths of the In-curved from 4 to 7 cm., of the Top-curved 
5 to 10 cm., and of the Opens 8 to 15 cm. 


In-curveds 


Tup-curveds 


Summer 


Arrangement of spikelets on the fingers. 

In the curved earheads, the heads lose their curving when the spikelets are 
removed. So also in the case of sterility (Plate XVIII). The spikelets are 
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J3WU . ^ ^ 

, , . , +ll „ r . ic his and to a rear view present m their close- 

saw jar--*-. ££ *r£ 

<-*- «.*****"«» <piato 

XVII, fig. 2). * , . increase in density towards the top. The 

sa^sssasss 

top-half only being 11'4, 12*9, and t 9. 

Head shape— Due to Mendelian factors. 

a t Iv of , number of pure lines at the Millet Breeding Station, Coimbatore, 

A study ol a number oi pure , , cr0SSeSi ma kes it certain 

together with the pursuit of the Ins oiy o a the earheads are due to definite 

that the measurable length and visible curving of the car heads 

Mendelian factors. {or «« delisity » (designated 

„ **-* tr t 

In-curveds and Top-curveds. The “ 

*• “1“ - * "* ‘ ke 
fingers. „ , « p i onffa tion ” seems to operate on both the 

iL°p« m a t e S Topped, o. the In^els and «*• 

factors in the. and 

the fclurveds by a visible cental hollow and a ttachmg-not overlappmg-of 

fl ° Be i S he In-cnrved. have the factor for Density alone. They lack the fector for 
Elongation. In them the denseness manifests in an incurving and an a m 

out of the central hollow. „ rl aR - result have spikelets laxly 

The Opens lack the factor for Density and as a li} ^ ^ be tw0 

disposed. They are therefore long and JT* ^ wit fc and those without 
‘‘ the absence of aid. like central hollow and finger overlapping, winch m the 
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the Millet Breeding Station, The history of one of these big families, E. CL 500, 
typical of this experience, is presented below. 

Clan E. 0 * 500. 

Clan E. CL 500 has proved an important family in the history of mgi work at the 
Station. It was the second generation of an ¥ t which had Top-curved fingers, 
spotted in the year 1925, out of an In-curved mother. In segregation, 
a 9 : 3:4 ratio of Top-curved, In-curved and Open was obtained (Table I)* 
From this, 6 Top-curveds, 4 In-curveds and 4 Opens were carried forward 
and a third generation raised. In this generation the Opens came pure, one 
of the four In-curveds segregated, and 5 of the six Top-curveds also segregated 
(Table II), At this stage, the issues were narrowed down to a separation of the 
Opens, and with this end 6 Top-curveds and 2 Opens form E. C. 746 and G 
In-curveds and 2 Opens form E. CL 752, both from Table II and segregating for 
these pairs of characters alone, were carried forward to a fourth generation. 

In the fourth generation, the Opens came pure as expected and the range of 
finger lengths between the two groups of Opens is very suggestive and helps to 
demonstrate the possibility of separating the Long Opens from the Short Opens 
(difficult of separation as the one rims into the other) by mating them with the 
easily separable Top-curveds and In-curveds and extracting the allelomorphic 
recessive Opens (Table III). The second point of interest in this fourth generation 
is a magnified repetition of the preponderance of segregating Top-curveds and pure 
In-curveds, noticed in the third generation itself. A detailed pursuit of this pre- 
ponderance was made and a separation attempted among the Top-curveds and the 
In-curveds to find out if there had been any unconscious selective picking of seed 
material from the segregates. A closer examination of the Top-curveds and the 
In-curveds in segregating families indicated a separability of these into typical Top- 
curveds and In-curveds and their two heterozygous forms, in which the fingers 
showed a tendency to loosen out, showing in the case of Top-curveds a crater to the 
central hollow and in the case of the In-curveds an approach to the Top-curveds, in 
the disposition of the fingers. It is this approach to the Top-curveds that resulted in 
the unconscious selection of the obvious In-curveds to be sure that the heterozygous 
In-curveds with a little crater are not selected with the risk of thus selecting Top- 
curveds instead of In-curveds. This accounts for the paucity of heterozygous 
In-curveds among the In-curved selections. In the case of the Top-curveds there 
are certain lengths and phases of the manifestation of their character which 
approach the In-curveds in shape, and in choosing the markedly visible Top-curveds, 
there seems to have been an equally unconscious selection of heterozygous 


* E. 0. is aa abbreviation for Eleusine coracana . 
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individuals. A separation oi the homozygous from the heterozygous cannot with 
ease and certainty, be made in mere counts. Nevertheless, to elucidate the above 
points 24 selections— 12 Top-curved and 12 separated as Top-curved' (on the basis 
of this central loosening— Plate XIX) were carefully chosen and bred, and from the 
In-curveds a similar 10 and 10. Their behaviour in the fifth generation (Tables IV 
and V) confirms this unconscious selection manifested in the previous tables. 

Table I. 


Gian E. C. 500 — F x and F 2 generations. 



* Inc.— In -curved, 
f T. CM Top-curved. 


Table II. 

Clan E. C. 500 — F 3 generation. 




T. 0/ 

Fig. 2. Crater view of panicle. 


PLATE XIX, 


Fig. 1. Side view of panicle. 


T. GV 
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Table II — eontd. 


Clan E. G. 500 — F s generation — coatd. 





Behaviour in F 1 

Genetic 

consti- 

tution. 

Family 

[lumber 

Character 

or 

Panicle 
shape and 





Finger length in 

cm. 





R. 0. 

selection. 

numbers. 

4 j 

. i 

°l 

6 

7 

8 

9 j 

10 

11 

12 

13 

14 

1 15 

16 




f T. C. 137 


5 

72 

43 , 

11 

6 


. , 

. . 





1 

744 

T. C. 7 cm. 

i Inc. 47 

L Open 59 

ii 

33 

3 

5 

*9 

*9 

16 

’d 

id 

*i 




i 

i 

1 



f T. 0. 137 



7 

41 

G1 

2$ 

. . 

„ . 


. . 

. . 



j-QqEe 

748 

T. C. 7 cm. 

{ Inc. 58 


id 

38 

1 



ii 

.. 







l Open 54 . 


•• 


*• 




5 

5 

1 



1 

j 



IT. C. 102 



11 

52 

73 

25 

i 






. . 


745 

T. C. 8 cm. 

i Inc. 37 

L Open 68 

i 

5 

29 

2 

*2 

*6 

12 

id 

id 

*3 




'J 

750 

751. 

Inc. 5 cm. 
Inc. 5 cm. 

Inc. 241 
Inc. 240 

15 

75 

57 

126 

137 

23 

38 

2 

1 


.. 







iQQoe 

753 

Inc. 6 cm. 

Inc. 240 

1 

69 

123 

42 

11 





. . 

. . 



/ 

752 

Inc. 6 cm. 

\ Inc. 174 

X Open 67 

11 

70 

73 

20 

1 

6 

id 

io 

23 

*8 





' Qqee 

5 

757 

755 

750 

754 

Open 0 cm. 
Open 11 cm. 
Open 11 cm. 
Open 13 cm. 

Open 172 
Open 202 
Open 236 
Open 270 


3 

7 

‘i 

*2 

2 

49 

2 

6 

4 

37 

30 
, 16 

48 

31 

54 

38 

17 

SO 

70 

03 

10 

78 

45 

77 

i 

40 

12 

49 

id 

8 

18 

5 

1 

3 

*i 

1 qqEE 

V or 

j qqee 


Table III. 


Family 

Character 

Panicle 

number 

of 

shape and 

E. C. . 

selection 

numbers 


E. < 

746 




1 Family 



958 

T. C. 

7 cm. 

T. C. 

100 

959 

T. C. 

> T. C. 

164 

7 cm. 

lOpen 

54 

960 

T. C. 

7 cm. 

5 T. C. 
X Open 

363 

115 

902 

T. C. 

7 cm.; 

fT. C. 

C Open 

183 

61 

961 

T. C. 

9 cm. 

a 1 , c. 

1 Open 

174 

62 

963 

T. 0. 

9 cm. 

s'T. C. 

1 Open 

192 

56 

965 

Open 

9 cm. 

Open 

66 

964 

Open 11 ctn. 

E. C. 752 

Open 

90 


Family 


100 

980 

Inc. 

5 cm. 

Inc. 

981 

Inc. 

5 cm. 

Inc. 

100 

982 

Inc. 

5 cm. 

Inc. 

100 

984 

Inc. 

7 cm. 

Inc. 

100 

985 

Inc, 

7 cm. 

Inc. 

100 

Inc. 


s Inc. 

146 

983 

7 cm. 

X Open 

60 

987 

Open 

7 CM. 

Open 

80 

986 

Open 11 cm. | 

Open 

80 


Clan E. C. 500 — F t generation. 





Behaviour in F , 



















Genetic 




Finger length in- cm. 





consti- 
. tut ion. 

3 

P 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 





15 

75 

10 









QQEE 



i 

33 

69 

56 

5 












3 

11 

22 

id 

4 

2 

i 

i 





3 

,0 

142 

116 

30 

2 













3 

19 

39 

22 

26 

4 

2 







6 

35 

89 

48 

5 



» « 

# * 

* A 

* * 





.. 




4 

20 

20 

11 

3 

3 

** 

‘QqEE 




16 

34 

82 

33 

9 




• . 


. . 







1 

6 

22 

25 

7 

1 







10 

37 

77 

48 

20 







r ; 







2 

5 

id 

id 

*9 

*5 

i 

2 






5 

19 

29 

7 

5 

1 

■\ 


.. 

1 qqEE 





1 

8 

33 

33 

10 

5 


.. 



J 


3 

79 

15 

3 










] 


6 

4 

87 

92 

7 

4 

** 


•* 




. • # # •' 

, . 

' 4 , : 

. *- 

rQQee 

”2 

9 

85 . 

4 



. . 





» 




3 

21 

10 

76 

64 

*4 







• * 

;■ * * : 


J 



4 

id 

id 

id 

id 





•* . 

S Qqee 


> * 


1 

16 

38 

21 

4 





•* 


y qqee 




. . . 

17 

39 

20 

4 







J 
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Table IV. 


(E. G. 962 Family) 


Clan E. G. 500— F, generation 


Behaviour in F, 


Character 

of 

selection 


Family 

number 

E.C. 


Panicle 
shape and 
numbers 


Sem. 





ram. Part VI 


Table IV. — contd. 


(Han E. 0. 500— F r , generation.— E . 0.002 Family.— contd 


Behaviour in I 


Fain ily Contractor 

number <»f 

R. 0, selection 


Firmer length in cm. 


Panicle 
ape and 
numbers 


10cm. 


15cm. 



■■■■■■■■■■*'■■ ■ 
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Table V, 


Clan E. C. 500 — F 5 generation— contd. — (E. 0. 983 Family) 


Behaviour in F, 


Character 

of 

selection 


Finger length in cm 


Panicle 
shape and 
numbers 


hem, 


hem. 


8 cm, 
8cm. 
8cm, 
8cm. 
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Opens— Long and short. 

The individuality and constancy of the two groups of Opens—' viz*, Long-opens 
and Short -opens— was sought to he further demonstrated as follows : — 

E. C. 1273. a Short-open extracted from E. C. 983 of Table HI and E. C. 1250, 
a Long-open extracted from E. C. 962 of Table III. were each grown side by 
side in 1929 summer season and duplicated. Each of the four strips had a 
population of 160. The range of the finger lengths of the four populations is 
tabulated below— 

1929 Summer season. 



Parental 

finger 

Finger lengths in cm. 

Selection No. JS AX 

length 
in cm. 

7 

8 

9 

10 

11 

12 

13 

•1 

15 

10 j 17 18 

1 

19 

1273 ■ Short-open eeqq . 

11 


15 

01 

57 

17 

... 






1250 Long-open BEqq i 

13 


... 


I 

3 

3 

28 

30 

52 

io ii 2 

i 

1273 . ' . . ! 


2 

23 

50 

63 

11 

1 


... 



... 

1250 .... 1 

j 


| 




1 1 


*8 

26 

60 

28 17 *8 

2 


The range of the two opens is markedly different. The mean length of the 
306 Short-opens is 9*457 ± *033 and of the 300 Long-opens 14*973 ± *056, a 
significant difference. 

In the next season (1929 main) 6 selections one in each of Long-opens and 
Short-opens in the three over-lapping lengths at 10. 11 and 12 cm, were bred and 
the range of their finger lengths is given below : — 

1929 mam season. 

- . .. rmif.nl Pinger lengths in cm. 


Selection 

No. 

E.C. 


Parental 
finger 
length 
in cm. 


10 11 


12 13 14 15 16 I 17 


1273/a 

1250/a 

1273/1) 

1250/b 

1273/c 

1250/c 


10 69 64 7 

4 29 

27 61 46 13 

4 34 34 

15 60 60 11 I 


42 33 29 

1 

41 29 22 


27 46 49 24 


The sameness of the reading of the selection notwithstanding, the clear 
tendency of the individual to conform to the parental range is obvious. 
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Artificial crosses.- 1G artificial crosses (Crosses E. C. IV to IX, XII to XI\, 
XL XLT LVIT. ('XII. CXIII, CXXVI, CXXXI) were made with the back- 
around of the knowledge supplied by Clan E. 0. 500 and bred througli thud and 
fourth generations. All these families repeat and confirm the behaviour of Clan 

E. C. 500 already presented in detail. . . . , 

Purple pigmentation and panicle shapes .— The factors determining pani, 
shape seem to be independent of those responsible for purple pigmentation, 
[Kangaswami Avyaugar and Krishna Kao, 1931] as the behaviour of the following 
families in segregation will show. (Table VI.) 


Family 

number 

:ro. 


Table VI. 


Purple pigmentation and panicle shape . 


Panicle groups 


Distribution in pigmentation groups 

Light Green 

Purple purple throughout 


| f Top-curved 
\ppen 


^Top-curved 
| i in-curved . 


j Top-curved 
^In-curved . 

‘ f Top-curved 
\ In-curved . 


fTop-curved 
-j In-curved . 
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It will be noticed that families E. C. 807 and 1109 segregate for the E factor 
only, being pure for Q. 

Summary. 

There arc two broad groups of panicle shape in Ragi-Elemim mraawa 
(Gaertn.), — those in which the digitate spikes of the inflorescence aav t . iu aut 

those in which they are open. . 

A factor for Density designated Q, responsible for a close packing of. spikeiets 

on the rachis, is present in the curveds and absent in the opens. 

The curveds are separable into In-curveds and Top-curveds. In the In- 

curveds the spikes curve in. The Top-curveds are longer than the """ 

in them, only the tops of the spikes curve. A second factor E determines flit 

elongation of the rachis and separates the Top-curveds from the In-curveds. 

The E factor is present in the Opens also and its presence or absence gives » 
to two groups, the Long-opens and Short-opens. Their separation is difficult but 
their existence and individuality could easily be demonstrated from segregates with 

Top-curveds and In-curveds respectively. . _ 

Factors Q and E are independent of the factors for plant purple pigmentation. 


REFERENCES. 
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CHLOROPHYLL DEFICIENCIES. 
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(With Plates XX-XXI). 


Lethal pale green. 

At the Millet Breeding Station, Coimbatore,, in the course of breeding 
sorghums, a case of Chlorophyll deficiency was experienced in March 1A 
selections it was noticed that the seedlings were segregating into norma] 
pale green (Plate XX, fig, 2.). This was clearly noticeable the sixth 
sowing. On the eighth day the leaf tips of the pales started skrivellin 
about the twelfth day after sowing all the pales were dead. Counts tal 
dead ones in the two families gave the following figures : — 


A paper read at the Seventeenth Annual Meeting of the Indian Science Congress, 


Selection No. 

Green seedlings 

Pale seedlings 

A, S. 1554 

138 

36 

A. S. 1556 . . ..... 

276 

131 
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Further selections were taken from these two families and the following table 


shows the seedling behaviour 

on germination ■ 


Family No. 

No. of heads 
germinated 

No. of heads showing 
segregation 

NV k of heads 
4 >ure green 

A, S. loo4r * » * * 

16 

10 

6 

A. S. 1556 «... 

30 

20 

10 


The thirty segregating earheads gave a total of 3813 green seedlings and 1048 
dying pales. S j 

Similar experiences have been met with in two other unrelated families. In 
A. S. 1022 segregating for the same character twenty earheads were taken and j 

twelve of them segregated again leaving eight pure. In A. S. 1370 out of nineteen j j 

heads germinated fourteen segregated and five were pure. < j 

A single factor difference seems to determine the' lethal pale greens, from the j 

normal greens. |;j 

VlRRSCENT WHITES. 

A second type of albinism, represented by vireseent whites was met with, 
segregating with the normal green. These vireseents take on a very light green 
tinge, giving the first leaves a yellowish look on the white background (Plate XX 
fiig 4 $.). Their life-history is similar to' the pales recorded above. 

In A. S. 781 in which family these were first noticed in March 1928, thirteen 
segregating earheads gave 6975 greens and 2419 vireseent whites, proving the j 

existence of a single factor difference between healthy greens and vireseent lethals. 

Pure alrions. • : 

A third deficiency of a complete kind, resulting in seedlings quite white in 
colour, with a life-history similar to the two deficiencies noted above was experi- j 

enced in August 1927 (Plate XX, fig. 4 and Plate XXI). In this instance, with 
coleoptiles usually purple, the first leaves take on a violet tinge, later to pale up. ‘ j 

bleach and die out. Selections of albino leaves showed an absence of plastids. j J 

This kind of chlorophyll deficiency is experienced commonest and has been met j f 

with and worked out in a number of families. In A. S. 1043, typical of this ' 

experience, fifty-five earheads were sown and of these thirty -seven have been ih 

recorded as segregates. j 

Lingering lethal pales. | 

A fourth kind of deficiency, different from the previous three in having Jjj 

a deffered lethal condition was noticed in April 1928. In this instance, the |fi 


I 
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3 met with in six families, 
thirty-four segregating for 
thirty-four families are given 


Table I 


Family No. A. S. 2149. {34 segregating ear 


No. of seedlings 


Ratio 


Green 


A. S. 2149 
A. S. 2149/39 
A. S. 2149/50 
A. S. 2149/7 
A. S. 2149/19 
A. S. 2149/24 
A. S. 2L49/27 
A. S. 2149/28 
A. S. 2149/30 
A. S. 2149/21 
A. S. 2149/20 
A. S. 2149/10 
A. S. 2149/40 
A. S. 2149/0 
A. S. 2149/15 



Table I —canid. 

Family No, A . 8. 2149. (34 segregating ear heathy cob id 


Head No. 

No. of seedlings J 

Ratio 

Green 

Pale 

Total 

A. S. 2149/35 


536 

93 

629 

3: 0-52 

A. S. 2149/38 


597 

108 

700 

3: 0-52 

A. S. 2140/17 


480 

79 

559 

3: 0*49 

A. S. 2149/36 


520 

85 

605 

3 : 0-49 

A. 8. 2149/45 


480 

77 

557 

3 : 0*48 

A. S. 2149/22 


603 

95 

698 

3: 0*47 

A. S. 2149/9 


591 

91 

682 

3 : 0*46 

A. S. 2149/5 


593 

90 

683 

3; 0*46 

A. S. 2149/8 


570 

86 

656 

3: 0*45 

A. S. 2149/26 


633 

94 

727 

3: 0*45 

A. S. 2149/37 


621 

93 

. . 

714 

3: 0*45 

A. B. 2149/46 


680 

102 

782 

3 : 0*45 

A. S. 2149/33 


485 

69 

554 

3: 0*43 

A. S. 2149/32 


524 

73 

597 

3 : 0*42 

A. S. 2149/49 


593 

84 

677 

3 : 0*42 

A. S, 2149/42 


485 

61 

546 

3 : 0*38 

A. S. 2149/14 


627 

62 

689 

3: 0*30 

A. S. 2149/31 


544 

-54 

598 

3 : 0*30 

A. S. 2149/2 


686 

62 

60S 

3 : 0*29 

A. S. 21.49/3 


490 

44 

534 

3: 0*27 

Total 


19,222 

3,200 

22,422 

Average 3: 0*50 


It will be noticed that the ratio of greens to pales is 3 : 0*50 or 14*3 per cent, 
recessive. This ratio seems to he explicable along lines confirmatory of the surmise 
of Coulter [1925] in letting in a probable zygotic lethal in explaining disturbed 3 : 1 

‘ ' ' E 
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_ maize. On this basis a 14*3 per cent, gives a cross-over 


* i in maize, un tms v v 


Percentage of cross-overs =100 


where n m the total popula a heads germinated gave a total of 

In a sister family— A. S. 166 7 _ confirmatory cross- 

15,589 greens and 2,504 pales, m the ratio ot 8 . U 48, wan 

over percentage of 23‘5. 

Surviving pales. 

a 

present. This was recognised m August 1927 I 7 out 

»»- - 0» ,M h *! ”t\T; <1 T iZlTn. living pales are 

and fix types of greens and pales-A. S. 210 ana A. o. 

characterised by reduced growth and later flowering. 

Chlorophyll estimations. 

Chlorophyll estimations of the SZZi £ 

surviving normal greens reveal an a sene cent. in 

cent, in virescent whites, 40 per cent, in lethal pale green and P 

lingering lethal pales. 

Stray albinos. 

Tn a number of other families albinos and occasionally pales that cou 

noted gave none hot greens proving an absenoe of regular se„ic D a 
supporting the mutational origin to these chlorophyll deficiencies. 

Summary. 

Five tvnes of chlorophyll deficiencies in sorghum are described and recorded 
as i Sits to tL normal healthy green. Pour - «»*£££ “ 

Of varying degrees. The fifth survives. In one type of deficiency, distorted 3 . 

miina have been set to the presence of a zygotic lethal factor. 
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SOME OBSERVATIONS ON THE CHARACTERS OF WILD 

RICE HYBRIDS, 


S. K. MITRA, M. S., Ph. D., I. A. S., 
Economic Botanist to Government of Assam. Jorhai, 


P. M. GANGULI. 

(Receiver! for publication on the 17th November 1931.) 

(With Plat© XXII) 

The wild rice (0. saliva var. fatua) is found generally in the heels (large natural 
depressions), ditches and other low-lying waste lands in Assam. It is always self- 
sown and is the mainstay of the cattle of Surma Valley, specially during the rains 
when other fodder grasses become scarce. It also grows in the ditches adjacent to 
the experimental plots of the Government Eice Farm, Karimganj, where 
aus (autumn rice) and sail (high land winter rice) are mostly [grown. Although it 
is liable to be intercrossed with the sail , no evidence of natural crossing with wild 
rice has been obtained in Assam, but in 1923, to study the segregation of wild 
characters, a few flowers of the cultivated variety, Latisail ($. 22), were crossed 
with pollen from a wild plant, but owing to the shedding habit of the grains in the 
wild rice no reciprocal crosses were tried. 

The principal characters of two parent plants may be stated as follows 
(a) Wild rice . — The wild rice is a strong growing coloured plant with spreading 
and creeping habit’ Like the deep water aman rice, it grows well in deep water 
where the other parental variety (Latisail) will not grow at all. The panicle is 
erect and loosely branched. The inner glume is green with black tinge ultimately 
turning black before maturity. The apiculus is pink with a dec p purple stigma. 
Both the stigma and the anthers are larger in size than the cultivated, variety. The 
awns are very long (about four inches), red, brittle and serrated the like of which is 
seldom met with in the cultivated varieties of sail and aus in Surma Valley, The 
kernel is slender and red in colour. The grains, when mature, shed very easily and 
$re consequently very difficult to collect. 

271 

i % 


272 


jobmai o» MBommM 


[II, in. 

IJN-Uliv^ « ~ * 

, ■ T»«™l il» «... plant with erect habit 

m W«W* c " W ’'“‘ ed T ^ rl , not rise Above two feet «4 h» 
smi eloee cor. It *». in .,!«£»£ of the «. Unfit. t„e w M 

only a tear. of awn. » ^ ^ 0 „ly after a good thresbmg. 

rice Its grams are not kab e ■ 8t u0ied in ibis species cross, together 

The charaeter. of the two parent plant. «W <* ^ 
with , ho., of T, generation may be tabulated * 


Characters 


Leaf-sheath 
FalvinuB 
Lignle 

Margin of leaf . 
Auricle • * 

Node • * 

Internode 

Outer glum© • 

Inner glume (floral) * 


Apiculus * 

Awn 

Stigma . 

Straw 
Panicle - 
Inner glume (mature) 
Kernel (pericarp) 



Latisail 


Green with ■ black 
tinge ultimately 
black. 

Light purple . 
Awned (long awns) . 
Deep purple . 
Weak (spreading) 
Spreading 
Black 
Bed. 


Geeen • 

White green . 

Ditto 

Green 

White green « 
Green . 

Yellow green . 
White green . 
Green 

White green * 
Trace and short 
White . * 

Strong (erect) . 
Close 
Yellow . 
White . 


Purple 
light purple 
Ditto 
Purple 
White green 
Purple 
Do. 

White green 

Green with black tinge 
ultimately black. 

Light purple 
Awned (long awns) 

Deep purple 

Weak (spreading) 

Spreading 

Black 

Bed 


tei {periw M-yt * ’ j ■. ■■■[ - . . : 1 ■ ■ — - 

The above table shows that, in the resulting hybrids the ° differed 

dominant and the F, plants are like their wild shown in 

from the parent plants quite markedly both m g we re 

Plate XXII, fig. I- Only one F, plant was selected o the F, an^ ^ 

obtained. As there was a number of ^morphological “ the nature G f 

volved in this cross, it was not possible to predic h characters of 

interaction of factors under Mendelian doctrine. To Q f F 8 and F, 

the wild parent are segregated and recombined is sho n . 

generations as discussed below. 



Fig. 1. — Parent plants, P -/cultivated on the left and wild on the right) with two F* hybrids in the middle. 


Fig. 2. — Fo, plants in the field. Most of the plants are spreading in their habit of growth except a few 
erect ones giving an approximate ratio of 3 ; 1. 
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(1) Leaf-sheath, pulvinm , ligule , margin of leaf and internode . — The colour t *1 the 
above characters segregated in F a in a simple Mcndelian ratio of 3 : 1 as shown 
below. 


F a Generation 

Dominant 

Recessive 

188 

40 

175*5 

68-5 

3*21 

0*79 

3 : 

! 1 



Observed frequency 
Expected „ 
Observed ratio . 
Expected „ 


Deviation _ 12*5 _ 

Probable error 4*40 ~~~ 


Although the fit is not quite good the F 3 results confirm the above ratio. In 
F 3 all the 46 green plants bred true in all cases and out oi 188 purple plants, 49 
bred true and the rest segregated as shown in the following table : — 


F a segregations 


Segregations Observed 



(2) Apioulus and stigma .— The colour of both the characters behaved in a 
similar way and segregated in F a in a simple ratio of 3 : 1 as in the previous case. 



Deviati on 
Probable error 
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Although the fit is not quite good the F 3 results confirm the above ratio. In 
F, all the 46 green plants bred true in both the cases and out of 188 purple plants 
64 bred true and the rest segregated as shown in the following table 

F a segregations 


188 Purple * 


46 Green 


Segregations 

Observed . 

Expected 

Pure 

64 

63 

Segregating 

134 

125 

Pure 

46 

46 


(3) Node. — The colour of node segregated in the ratio of 3 : L the observed 
ratio being 2'96 : T04. This character was not noted in F 3 . The observed and 
expected figures are noted in the table below : — 


Fq Generation 


Observed frequency 
Expected „ 
Observed ratio * 
Expected „ 


D eviation 
Probable error 


Purple 

Green 

Total 

173 

61 

2§4 

175-5 

68-6 

234 

2*96 

: 1-04 


3 

: 1 

... 


•57. Tbe fit is very good. 


(4) Auricle . — The colour of the auricle is white green in both the parent plants 
as well as in ¥ 1 generation, but in F 2 a new light purple colour appeared in 18 out 
of 234 plants giving an observed ratio of 14*77 white green : 1*23 light purple, thus 
approaching the theoretical ratio of 15 : L This indicates a case of double white 
green dominant and double light purple recessive factors [Mitra, Gupta and 
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Ganguli, 1928 j. The colour of the auricle was not noted in F 3 . The following 
table shows the segregation in i\ generation : — 



F a Generation 

White green 

Light purple 

Observed frequency . 

210 

18 

Expected „ 

219*37 

14*63 

Observed ratio 

14*77 

: 1*23 

Expected „ 

15 

: 1 1 


Deviation 3*37 
Probable error ~ 2*5 


1*35. The fit is good. 


(5) Outer glume and- inner glume (fiorai ). — The colour of .the outer glume and 
inner glume (floral) behaved like the auricle. But, as expected, the recessive colour 
did not breed true in F 3 , which probably was due to some accidental natural crosses 
or the interaction of some other factors involved in the cross which could not be 
traced definitely. 


$3 Generation 


Observed frequency 
Expected „ 
Observed ratio 
Expected 


Deviation 11 ’37 


Probable error 2*5 


= 4*55. The fit is not good. 


(6) Inner glume (mature ).— The colour of the inner glume (mature) of the wild 
rice is black and that of the cultivated type yellow. The black colour was 


* 
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dominant in F t and it segregated in F, in the ratio of 9 black : 7 yellow, the 
observed ratio being 8'4I : 7’59 as shown in the table below 


Observed frequency 
Expected ,» 
Observed ratio * 
Expected », 


F S Generation 

Black 

Yellow 

123 

111 

131-63 

102-37 

8*41 : 

7*59 

9 : 

: 7 


Deviation __ 8*63 
Probable error 5*12 


= 1*68. The fic is good. 


to* 


ggggpp 

fgP'-. 

I 

n 


The colour of the mature inner glume could not be noted in F 3 . 

(7) Kernel (pericarp ). — The colour of the kernel segregates in a different way. 
The kernel of the wild plant is red and that of the cultivated white. The F x colour 
was red, but in F a another intermediate amber colour appeared in the ratio of 
12 ; 3 : 1 as shown in the table below 


P 2 Generation 

Amber White 


Observed frequency 

* 

174 

43 

17 

234 

Expected ,, 

• f 

175*5 

43*87 

14*63 

234 

Observed ratio 

* 

11*9 

2*94 ; 

1*16 


Expected „ «. * 


12 

3 : 

1 



X a = *407. P= *82. The fit is very good. 

•As the grains shed very easily with maturity the colour of the kernel could 
not be noted in F s . 
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(8) Straw. — The moat distinguishing character of the wild rice is the spreading 
habit of the straw which was dominant in F*. In F 2 there were 184 spreading and 
50 erect plants giving an approximate ratio of 3 : 1 (Plate XXII, fig* 2), 


Observed frequency 
Expected „ 
Observed ratio 
Expected „ 


Eg Generation ; 

! 

Total 

Spreading 

Erect 

184 

60 

284 

176*5 

68*5 

234 

3-18 

0*85 

... 

3 ! 

: 1 

«*, 


Deviation 
Probable error 


Jf 5 

4*4 


= 1 *93 . The lit Is good. 


In F 3 all erect plants bred true and out of 184 spreading 
and. the rest segregated as shown in the following table : — 


50 bred true 


F, 


184 spreading 
60 erect 


E s Segregation 

Segregations 

Observed 

Expected 

Pure 

50 

61 

Segregation 

134 

123 

Pure 

50 

50 


(9) Panicle . — The panicle of the wild rice is distinctly spreading in habit while 
that of the cultivated is dose. In the plant the wild character was dominant 
and in F a there were 148 plants with spreading and 80 with close ears giving an 
approximate ratio of 9 spreading ; 7 close, the observed ratio being 10*12 : 5*88 as 
shown in the table below 





Eg Generation 

Total 




Spreading 

Close 

Observed frequency 



148 

86 

234 

Expected 

# 0 

e> <*> 

131*63 

102*37 

234 

Observed ratio 

® » 

« * 

10*12 

: 5*88 

... 

Expected „ 

* 

© # 

9 : 

; 7 

*•* 

Deviation 
Probable error 

1C ‘ 37 -=3-2 

5*12 

. The fit is not good. 




The Fo characters could not be noted. 









Ratios 


X 2 = *832. P=‘06. The fit is very good. 

In F s there were actually 112 awned, 68 awned and intermediate, 38 awned 
and awnlcss, 1 intermediate and awnless, 3 intermediate, and 12 awnless and con- 
sequently the deviation from the expected ratio is somewhat large. 

It may also he mentioned here that the shedding habit of the grains which is 

always prominent in the wild rice was dominant in F x generation. In F 2 most of 
the plants were quite shedding in habit like the wild plant, while there were some 
with intermediate characters but none with the character of the cultivated parent 
plant. This was also the case in F 3 . 

The following will show the factor analysis of the plants the data of which 
have been presented before : — 


Symbols 


Characters for which factors are responsible 


(Factor for colour of leaf -sheath, pulvinus, ligule, margin of leaf, inter- 3 : 1 
node, apiculus and stigma. « _ . 

Factor for colour of node . - .. • • * 9 * , 

Complementary factors for colour of auricle . * * • 9 10 : 1 

Complementary factors for colour of outer glume and inner glume 15 : 1 
(floral). 

Complementary factors for colour of inner glume (mature) , » 9 : 7 

Complementary factors for colour of kernel (pericarp) . * - 12 : 3 : 1 

Factor for spreading habit of straw . . •- • >■ * ^ 5 1 

• Complementary factors for spreading habit of panicle • * • 9 : 7 

Complementary factors for length of awn . • * * 9 : ** 
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( 10 ) Awn.— The awn character of the wild rice was dominant in F, and F 2 . 
4oart from the awned and the intermediate (trace and short) characters another 
awnless character also came out in the ratio of 12 awned : 3 intermediate : 1 
awnless, the observed ratio being 12-38 : 2'8 : '82 as shown m the following 

table 

F a Generation 

Total 

Awned Intermediate Awnless 


Observed frequency 
Expected ,» 
Observed ratio . 
Expected „ 
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The genetic constitution of the two plants so far as the above characters are 
concerned may, therefore, be stated as follows : — 


Wild plant— CCNNAjA, 

GjG| 

gaga 

HA 

H 2 H 3 

xy’i 

Latisail 

(cultivated 

PA 

SS EjEj 

E 2 E a 

W *w, 

WjWj 

variety)— cenn 

%% 

A a A 2 gigi 

g 3 g 2 


Hglig 

PiPi 

P2P2 

SB 

©2% 

WlW, 

w a w a 


In fact, the F 2 plants showed a wide range of variation which was mainly due 
to the result of Mendelian segregation in recombination of characters of which 
there were many. The divergence in F 2 plants was so wide that it was rather 
difficult to trace the analysis of a factor or factors involved in this species cross. 
Moreover, the different types in F 2 represented a continuous series of intermediates 
as a result of a cross between two species with characters lying in two extremes. 

In F 3 generation there was again a split among the individuals and out of 234 
plants none bred true in all the characters involved and they were mostly hetero- 
zygous, while a few bred true in regard to some particular characters, such as the 
colour of individual parts. The indication of a Mendelian segregation was evident 
and as a matter of fact the figures very nearly approached the theoretical ratios 
in several cases, but in a few others the range of segregation was. of course, very 
wide. It may also be pointed out here that even in F 3 out of 9,360 plants not a 
single plant appeared which could practically be indentified with the cultivated 
type, which was recessive in character. 

Some of the selected plants were continued to get some pure strains but in 
all cases they split up to F 6 . In F 6 five plants with itermediate characters were 
found to be pure. 

Evidently, if the results of such a cross between two species are to be explained 
on the basis of Mendelian heredity it must be assumed that the two species possess 
relatively a large number of factor differences in relation to colour (individual 
parts), habit (straw and panicle), size of awn, and all the divergences that resulted 
in the cross are mainly due to peculiar factor interactions. 

REFERENCE. 
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I. Introduction. 

A large number of samples of Brassim species commonly known as satson 
(Brassim oampeslris, L. var. sarson, Prain), toria (. Brassim napus L. var. dwholoma . 
Prain), mi (Brassica j uncea, Hook.), and taramira {Emm saliva , Lamk) were collected 
by the Botanical Section, Pusa, from all over India in 1929-30 with the object of 
isolation of types and other investigations. The information regarding the verna- 
cular names supplied by the different localities is very confusing. The same variety 
has been received from different localities with different names. Moreover, in some 
cases different provinces give the same name to varieties which are quite distinct 
from one another. The information regarding the botanical names of these species 
in the Indian works of Botany is also very confusing. The best available record is 
that of Prain [1898]. Some varieties under investigation in the Botanical Section, 
Pusa, are not dealt with by Prain. 

A classification of the species with detailed descriptions of the group will form 
a subject of future publication. 
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It was found that yellow mrson {Bramm mmpesins, L. var. sarson, Prain) ; 
rai ordinary {Bramm juvcea, Cobb,); and rai- young habit cabbage like (Brassim 
rugosa var. nnne[folm,Vv am*) form seeds under bag. while the oilier varieties namely 
black sarson late (Brassim mmpesfris^ L* var, uleifera , Prain) ; tm w] {Brassica naptts, 
L, var. &whoUma % Prain) ; Hack sarson earlyj (Bramm mmpesfns , sub. sp. napns 
var. dwhotoma, Duthie and Fuller): Burma rai {Brassim rugosa, Prain); white 
rai (Bmssim alba,. Boies) ; ad mi (Brassim nigra, Koch) ; and iaramira {Emm saliva, 
Mill.) do not form seeds under bag. 

The present studies were undertaken with the object in view of gathering some 
evidence for pollen tube development in compatible and incompatible matings, and 
to find out the exact nature of sterility. 


II. R6sUM.fi OF PREVIOUS STUDIES. 

Many species of hermaphrodite animals and plants exist in which a union 
between the male and the female gametes produced by the same individual is either 
difficult or impossible. Both the male and the female gametes are morphologically 
perfect in most of the cases, and are functional with the gametes of other indivi- 
duals. This phenomenon is generally known as self-sterility. Other terms have 
also been proposed. Darwin [1876] gave the name “ self-impotence * Loew [1895] 
called it “ adynamandrv ” and Stout [1917] proposed the term <c self -incompati- 
bility 

Self- sterility is a widespread phenomenon, though its occurrence has been 
proved experimentally in a few cases only. Knuth [1.906] has mentioned a list 
of cases, the majority of them well founded, indicating that among the angiosperms 
the condition is rather widely distributed. He gives a list of 134 self-sterile species 
representing forty-six families and including both monocotyledons and dicotyledons. 

The investigations of different observers with regard to self-sterility and self - 
fertility of many plants have not infrequently given contradictory results. Knuth 
[1906] quotes, <e that according to some authorities rape ( Bmssim rapa) is self- 
fertile, while according to others it is self-sterile ; so that we must assume that 
self -sterility is a character that is not constant for all individuals of the same 
species, but varies with the locality and the individuals.” Stout [1922] working 
on Bmssim pehinemis Skeels finds marked range in seed production depending upon 
season. 

It was early shown by Scott [1865], that pollen tubes are produced freely in the 
style of self-sterile plants after selfing. The only data on pollen tube growth 

* Not given in the Kew Index. Detailed description given in Agrie. Ledger, 51-78, 
f and % Toria and black sarson early differ in size and maturity. Toria variety is early dwarf 
while black sarson early variety is late tall as compared to toria » 
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bearing directly on tbe problems of self-stenlity are those of Jost [1907] and ot 
Correns [1912]. They found that when a self-sterile plant is polhnated with ns 
own pollen the tubes are emitted freely but grow extremely slowly. They also 
showed that pollen tubes grow rapidly when cross-pollination is made on the same 
riant and that the cause of self-sterility after an incompatible pollination is due to 
the failure of pollen tubes to grow rapidly enough to reach the ovary before the 
flower Tails. Martin [1913] working with Trifolium pmtense, a self-sterile form 
found that the difference between the self and cross pollinations was of the rate of 
growth of the pollen tube. East and Park [1917] in their studies on NtooUam, have 

secured abundant evidence to show that following incompatible combinations, the 

rate of growth of pollen tube in the style is lower than that attending fertile com- 

Yery little work has been done on the sterility of Brassicas. Price [1912] 
discussing a cabbage hybrid says “Attempts to self-pollinate individual flowers 
resulted in failure. It was also found practically impossible to secure seed by 

crossing different flowers on tbe same plant ... 

Howard, Howard and Khan [1910] conducted preliminary investigations in 
sarson, mi and tom, These authors showed that sarson readily sets seed under 
bag, and tom do not set so easily as sarson and mi. Ali Mohammad, Singh, and 
Alam [1930] have also shown recently, that toria and black sarson are highly selt- 
sterile forms, and that loss of vigour results on inbreeding. 


III. Presentation op data. 


1. The determination of the degree of self -sterility. 

Single plant cultures were grown in 1930-31 from the seeds harvested in the 
previous year. These cultures were grouped into nine different morphological 
groups. The amount of seed setting and the percentage of setting worked therefrom 
is given jn Table I. Tbe percentage of setting under bag is usually less than that m 
the open condition owing to the high humidity prevailing inside the bag. Manilla 
paper bags and muslim cages were employed for bagging the plants. The setting 
under these bags takes place freely in the self-fertile brassicas grown at Pusa. For 
working out tbe percentage of setting under bags it is assumed that all flowers 
would form healthy pods. It was observed that some flowers on the un- 
bagged flower branches did not produce any pod. Thus the percentage of setting 
calculated is represented to be somewhat less than what it ought to be. For 
calculating the amount of setting in a group the actual number of seeds that are 
ormed are taken into consideration, and the number of pods that are formed are not 
aken into account. It has been observed that the pods, which succeed in setting 
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inside bags contain only a fraction of the number of seeds that are usually contained 
in pods on free flowering plants. • Empty pods have also been recorded in many 
instances. 

Table I. 


Showing the setting of seeds under hag in the different brass tea groups —1 930*3 1 . 



Name of group 

No. 

of 

plants 

bagged 

No. . 
of 

flowers 

"bagged 

No. 

of 

pods 

set 

No. of 
seeds 
formed 
in the 
bagged 
pods 



Average 
no. of 
seeds 
per pod 
outside 
the bag 

No* of 
seeds 
expected 
in the 
normal 
pods* 

Per- 

centage 

ol 

setting 

I 

Yellow $ arson 

77 

2054 

1843 

31243 

24 

49296 

83*4 

2 

Black sarson late . 

64 

4174 

756 

3609 

16 

66784 

5*4 

$ 

Tor ia .... 

274 

6631 

296 

558 

13 

86203 

0*3 

4 

Black sarson early . 

99 

4189 

592 

2501 

16 

64262 

3*9 

5 

Burma rai . 

31 

2232 

510 

4712 

21 

40872 

10*5 

6 

White rai 

7 

269 

0 

0 

10 

0 

0*0 

7 

Asl rai .... 

18 

4546 

2023 

3567 

7 

31822 

11*2 

8 

Rai ordinary 

148 

5377 

4249 

39112 

15 

80655 ' 

48*5 

9 

Rai (young habit cabbage 
like) .... 

54 

6290 

4285 

! 

34293 

15 

94350 

36*3 


# Number of seeds expected is worked out by multiplying number of flowers bagged x average 
number of seeds per pod outside the bag. 


The percentage of setting is 63'4 In yellow s arson, 48'5 in mi ordinary, and 36*5 ' 

in mi (young habit cabbage like). Other groups have very low percentage of setting 
and are regarded as self-sterile groups. 

Large number of fammira plants were also bagged, but the setting was almost i 

negligible. ■ 

2. The cause of self -sterility. 

Self-sterility may be due to a number of causes either acting singly or jointly. ; 

Only those factors which effect the sterility in brassicas are dealt here. j 

(a) Environmental factors . — The most important of these is the cloudy weather. 

In self-sterile varieties of brassica the seed is set only by cross-pollination brought/ I 

about by bees, which visit the flowers in large numbers on sunny days. On cloudy 
days the bees do not visit the flowers, and this fact may perhaps adversely affect j 

normal setting in these varieties. The effect of cloudy weather is uniform for all the *j 
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brassica groups, but RBlf-fortiie varieties are not affected. They can form seed with 
their own pollen. This is a very important factor for self-sterile varieties. If there 
happens to be a long period of cloudy weather, the yield is badly affected. ^ ^ 

(h) Bclimiovr of gametes .— Sterility may also be duo to defective gametes. . So 
far the pollen has not. been found to be defective in the brassicas under investiga- 
tion. # 

The self-fertile varieties freely form seed with their own pollen. On the o * er 

hand, the self-sterile varieties do not set seed under bag, or very rarely they do so. 
It is also observed, that when flowers are selfed in the bud stage (one to two days 
before opening), pollen from the same plant being employed, the self-sterile varieties 
could be made to set a good amount of seed. These self-sterile varieties also form 
good seed when flowers are crossed, pollen from different plants being employed. In 
cross- pollinations (compatible matings) the amount of setting is much higher than 
in self-pollinations (incompatible matings). The results are tabulated below. 

Table II. 

Showing difference in amount of setting in cross and self-pollinations in iaramira 

1929 - 30 . 


No. of 
plant 

Selfed just after 
the flowers opened 
with pollen from 
the same branch. 

Selfed just after 
the flowers opened 
with, pollen from 
different branches 

Selfed in the 
bud stage with 
pollen from differ- 
ent branches 

Crossed with 
pollen from 
different 
plants 


lowers 

selfed 

Pods 

formed 

Flowers 

selfed 

Pods 

formed 

Buds 

selfed 

Pods 

formed 

Flowers 

crossed 

Pods 

formed 

l 

11 

0 

11 

0 

13 

6 

8 

8 

2 | 

8 

0 

7 

1 

12 

4 

6 

6 

3 ■ 

0 

2 

7 

6 

11 

7 

7 

7 

Total 

28 

2 

25 

7 

36 

17 

21 

21 

Percentage 
setting . 

! 7*1 

i 

28 

■ 47*2 

100 


The defect in the female organ (ovules) has only been recorded in iaramira. It 
is a cross-fertilized crop and is completely self-sterile. No two plants in a single 
plant culture are alike. It is observed that some plants in a culture bear large 
number of fruits, while there are other plants which either do not bear any fruit, or 
the fruits are very poor without any seed. The chances for the bees to visit the 





Remarks 


Oper- 

ation 

No. 


No. of 
buds 
operated 


No. of 
pods 
formed 


Oper- 

ation 

No. 


defective 


defective 


defective 


flowers in all cases being the same, we may say that the plants which do not form 
fruits in the un bagged branches are defective in the female organ (ovules). 

This fact is also confiimed by the following experiment which was made to see 
the difference in. fertility of the progenies between two similar plants, when each is 
soiled in the bud stage, and each, is crossed with the other. However, incidentally 
it has been shown that sterility is sometimes due to some defect in the female 
organ. 

Pour pairs of kmmira plants were selected, the plants of each pair being 
similar in all morphological characters as far as possible, In each pair the plants 
were designated A and A' and the following operations were conducted. 

The plants A and A' were eelfed in the bud condition with their own, pollen. 
Plant A was crossed with A' and the reciprocal cross A' X A was also made. The 
results are tabulated below 7 . 

Table III. 

Showing percentage of setting in four fairs of taramira plants , when both the plants of 
a pair are selfed with (heir own pollen and each is crossed with the pollen of the 
other — 1930-31 . 
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»JV plants A in pairs Nos. 1 and 3 have not. formed pods in both tire operations, 
. w |„.„ a is w-Ifel. and also when A is crossed with A'. In pair No. 2, the plant 
A' has behaved in a similar manner. In pair No. 4, pods have formed in all the 
four operations. The percentage of pod formation is distinctly lower m A' both when 
sclb'd and cross-pollinated. This suggests partial defect in the female A'. The plants 
A' in pairs Nos." 1 and 3, and plant A in pair No. 2, have formed pods in both the 
operations. If the pollen had been defective the setting would not have taken place 
in both the plants A and A' in the pairs Nos. 1, 2 and 3, as the same pollen was used 
for plants A and A'. 

For selling and crossing the plants of a pair, pollen was collected from plants A 
and A' in separate sterilised dishes. The plant A was selfed with its own pollen, and 
the same lot of pollen was also used for crossing plant A of the same pair. Similarly 
plant A' was selfed with its own pollen and the same lot of pollen was also used for 
crossing plant A of tlte same pair. 

Very likely in Ummira when the pods are not formed the defect is in the female 
organ. This fact has not been recorded in other brassicas. 

It is also clear from the above table, that the percentage of pocl setting is 
generally higher when the buds are crossed. 


3, Selective pollen tube growth . 

To study the rate of growth of the pollen tube m compatible and in incompa- 
title unions a series of self-pollinations and cross- pollinations were made as detailed, 
below. Pistils were collected at different intervals of time after pollination, fixed, 
dehydrated, embedded, and sectioned in the usual manner. Longitudinal sections 
10 [i thick were cut and stained with Diamont juchsin single stain. 

The culture selected for this purpose was No. 14-2-5 black sarson early, which 
was found to he completely self-sterile. 

The experiment was started on the 17th January 1931 and the operations A. B, 
0 and D were conducted at the same time (9-30 A. M.). 


Operation A . 

A :l ; — Twenty-five pistils taken from buds (one to two days before opening) and 

d. 

A 2 : — Twenty-five pistils were fixed (from flowers at the time of opening). 



STUDIES IN INDIAN BBABSIOAB, 


287 



Opera! ion B. J 

'Kil'f;y flowers which opened mirier muslin bags were soiled; pollen from the 
same flowers being used, and the plant was again bagged. : f 


Operation 0* 

I 

Fifty buds (one to two days before opening) were soiled with the pollen from 
/ different flowers on the same plant. The plant was again bagged. 

C y g/* ,<■ * . . .. .. j„ 

Operation B, 

Fifty flowers winch opened under bag were crossed with the pollen ol the other 
bagged plant. The plant was again bagged. 

In operations B. C. and D only those flowers which were operated in each ease 
were kept on the plant, and the remaining flowers were removed. These operated 
flowers were also labelled. 

Out of fifty flowero' operated in each of the B, 0. and D operations, twenty-five 
were fixed in each case after different intervals; and the remaining twenty-five were 
L allowed to remain on the plant to see the amount of setting in each case. 


Table IV. 




Showing amount of setting in operations B, 0. and IK 


Operation 

No. of operated flowers or. buds 
kept on the plant 

| No. of pods 
formed 

Total number of seeds 
formed 

B 

25 

5 

5 

C 

25 

24 

119 

I) 

25 

17 

78 


The highest amount of seed formation is in operation C. In operation I) the 
amount of seed formation in only x of operation 0. In operation B the amount of 
setting is negligible. 

r 2 
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Crossing seems to give more stimulus to fruit formation than does selfing* The 
pods formed in operation D are healthy in appearance and are very much like the 
pods formed by the free flowering branches. In operation 0 the pods formed are 
not as large as those formed in operation D. The pods formed in operation B are 
very poor* 





Normal 


Fig. I. — The largest pods formed in operations R, C and D, compared with the normal pod on th$ 
free flowering branches. 
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Pollen ftthe growth The pollen tube after passing through the papillate cells of 
the stigma proceeds along the conducting strands of the style and the wall of the 
ovary. The pollen tubes shown In the figure are reconstructed from serial sections. 
The time taken by the pollen tube to reach the uppermost ovule is determined from 
the sections prepared from the material, which was fixed after different intervals of 
time after pollination. 


f 



aflo»i2i_hours after 3 Ho ars after 5 hours 

1 operation" c 1 operation D 

Fig, 2. — Longitudinal sections — Pistil (diagrammatic and reconstructed), showing the rate of pollen 
tube growth. Pollen tube is shown by a double (totted line . ca, cavity of the ovary, fs, 
false septum, o, ovule, ow, wall of the ovary, pg, pollen gram germinating on the 
stigma, pt, pollen tube, sp, papillate cells of the stigma, sfc, style. 
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t e of growth of the fallen tube iv the operations K (b and 1A 


Detail's of the operations 


Time taken by the pollen tube 
to reach the ovary after 
pollination 


i; Flowers selfed in. the open condition . . 48 1,011 w 

C Buds (1-2 (lays before opening) pollinated. 

Pollen from different branches of the 

same plant used* . - ^ * *** houis 

Ti Blowers' crossed with pollen (of different 

plants) ft houl ' B 

The above table slows that the rate ol the pollen tube growth has much to do 
with the amount ol seed formation and the degree of sterility. Examination of 
the slides from the material and Ag show , that there is not much difference 
bet ween tin* lengths of (lie styles of open. flowers and buds (1-2 days before opening), 
and that the pollen tube has to traverse the same length in all eases. 

The highest- amount of seed formation' is in operation C, in which buds 
(i-2 days before opening) were selfed. In this operation the pollen tubes have 
taken twenty-four hours to reach the ovary after pollination. These buds opened 
1-2 days after pollination. It means that the pollen tube reached the ovary even 
before the flower actually opened. In operation D in which the flowers were 
cro8Se< i with pollen of different plants, the amount of setting is also quite high. 
The time taken by the pollen tubes to reach the ovary is five hours after the 
opening of the flowers. The least amount of setting is in operation B when the 
flowers’ were selfed. The pollen tube has taken forty-eight hours to reach the ovary 
and the amount of setting is almost negligible. The rate of growth of the pollen 
tube is quicker in operation D (when flowers are crossed) than in other operations 
but the least, time taken by the pollen tube to reach the ovary after the opening 
of the flower is in the operation C (when buds 1-2 days before opening arc selfed). 

The pollen germinates in operations B. C and D, and the pollen tube reaches 
fj ie ovary in almost all cases. It is the time which the pollen tube takes ia different 
cases, which accounts for the amount of setting. If the tube reaches at the right 
time, there is a good amount of setting, otherwise either the setting is very poor or 
there is no setting at all. 

IV. — Discussion. 

Referring first to self- incompatibility it seems quite clear, that the cause of 
incompatibility is the well-known inability of the pollen tubes to proceed through 
the style* tissue. That is to say, the gametes generally are quite capable of uniting 
successfully, but they never meet at the right time. The ovule is receptive even 
one day before the flower opens. In self-sterile black sarson early group when the 




variation in leaf form, size and shape in a single plant culture of black sarson late (Brassica campestris . L. var. oleifera Prain) 
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buds are selfed (1-2 days before opening), the pollen tubes take, twenty-four hours 
to reach the ovary, that is to say, fertilization takes place actually before the 
flower opens. When cross-pollination is made the growth of the pollen tube is 
very quick, and the union of the gametes takes place before the ovule loses its 
receptive power. In self-pollinations the growth of the pollen tube is very 
slow, and only in rare cases it may meet the ovule at the right time. 

The inability of the pollen tubes to proceed through the stylar tissue in incom- 
patible matings is generally attributed to the production of inhibiting substances 
or to the non-production of some stimulating substances. 

Darwin [1870] made a thorough investigation on the effects of self-fertilization 
on the offspring, and showed that in flowering plants such offsprings are not in 
general so vigorous as those derived from cross-pollinations. This phenomenon ! 

has been observed in brassicas, j: 

To explain the results of compatible and incompatible matings Jost [1907] . 

had recourse to the old conception of c< Individualstoffe ’ . He believes that i 

individuals not only of the same species, but of the same type differ qualitatively in ■ 

their chemical composition. The gametes of any plant possess the " Individual- 
stoffe ” of that plant, and that the pollen tube grows well only in tissues having a 
different Individualstoffe ■ ■■••. ; 

East and Mangelsdorf [1926] working on Nwotiana have shown that the sterility f 

is determined by the allelomorphic factors Sp S 2 and S 3 . The action of these , 

sterility factors is such that the growth of the pollen tubes carrying a given factor j 

is inhibited in the style of the plant carrying that factor. | 

Whatever the explanation be, it is evident that the pollen tubes grow more j 

quickly in compatible unions than in incompatible matings. J 

In black mrson late- which is a completely self-sterile group, there is so much ; 

cross-pollination going on that no two plants have similar leaves in a single plant j 

unbagged culture (Plate XXIII). In self-sterile brassicas the offspring of self- ; 

fertilized seed show very poor growth, but the self-fertile brassicas do not show any ?’ 

loss of vigour on self-fertilization. | 

The vigour, fertility and the very existence of these sterile brassicas is due to • 

cross-pollination. 
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VI. Summary. 

1. The brassicas under investigation at the Botanical Section, Pusa, comprise 
nine distinct morphological groups, yellow sarson, mi ordinary and mi (young habit 
cabbage like) are self-fertile ; and black sarson late, toria, black sarson early, 
Burma mi, white mi, asl mi and tummirn are self-sterile. 

2. The pollen has not been found to be defective in the brassicas under 
investigation, but in tammira it has been observed that the sterility may be due to 
the female organ being defective. 

3. Self-fertile varieties freely form seed with their own pollen. On the other 
hand, self-sterile forms do not set seed with their own pollen. In self-sterile 
varieties the amount of setting in cross-pollinations is much higher than in self- 
pollinations. 

4. In self-sterile varieties the cross-pollination is effected by bees, which visit 
the flowers in large number on sunny days. If there happens to be a long period 
of cloudy weather the yield is badly affected. 

5. It is shown that in compatible unions the pollen tube reaches the ovary 
in a shorter time than in incompatible matings, and the sterility in incompatible 
matings is due to the failure of the pollen tube to reach the ovule before it has lost 
its receptive power. 

6. In self-fertile varieties the offsprings of a self-fertilized seed are vigorous 
and fertile, but in self-sterile varieties the offsprings of self-fertilized seed show 
very poor growth. 

7. The self-sterile varieties are adapted to cross-fertilization, and it is probably 
due to cross-fertilization that the vigour and the fertility of the sterile groups are 
maintained. 
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A STUDY OF THE PATHOLOGICAL ANATOMY OF THE 
COTTON PLANT IN CONNECTION WITH THE WILT DISEASE. 


I 

BY | 

K. DHARMARAJULU, M. Sc. 

(Received for publication on the ISfcli November 1931) 

(With plates XXIY & XXV and four texth-s.) [ 

Introduction. 

With the discovery of the phenomena of susceptibility and resistance to disease j 

among plants, a new era in the method of control of plant diseases had commenced. 

Breeding resistant types through selection ox hybridization is the only effective | 

means of checking those diseases like flax wilt, cabbage yellows, and cotton wilt 
caused by species of Fusarium , which inhabit the soil. ; 

The need for information on the nature and cause of resistance had become ‘ 

increasingly evident, with the development of varieties resistant to disease. In- 
tensive research on the problem of disease resistance is being carried on from the 
last one or two decades. The diseases, root rot of tobacco, flax wilt, yellows of 
cabbage, root rot of cotton and rusts of wheat have been fully investigated with a j ; 

view to find out the behaviour of the fungus towards types that vary in the degree 
of resistance and also to learn the nature of response of the host cells to fungus 
penetration. 

There was no record, however, of any study on the nature of resistance to wilt 
in cotton or the mode of infection of j Fusarium msinfeetum , Atk., in the susceptible, 
resistant, and immune varieties of cotton, when the present study w r as undertaken 
in April 1928. j 

Fahmy [1928] observed that wound infection in a susceptible variety of cotton ; 1 

was able to produce the typical discoloration in the central cylinder at the injected 
portion, while in the immune variety it was not developed. 

In a later publication [1930]* Fahmy described the mode of peneration of 
Fusarium msinfeetum , Atk. var aegyptiacim in cotton. He observed the parasite 
attacking the seedlings through the roots, developing first of all an almost black ;■ 

discoloration on the outer surface of the lower part and a brown one on the upper 
part. With the progress of the disease the rootlets as well as the greater part of 
the radicle disintegrated. The root attacked by the fungus rotted at first in the ■ 

*This paper eame to the notice of the writer in December 1930, after the present study was completed. 
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region of the root-cap and later on the parts above it completely disintegrated. 
Fahmy thought that it was the disintegration of the young roots which caused the 
death of the seedlings. 

As regards penetration of the fungus, he found that it first attacked the root- 
cap, though its later activity was not confined to the invasion of the root-cap 
alone. Itwas found also to penetrate and invade the tissues of the root proper. 
The hyphae got accumulated on the thin parts of the root-cap as the fungus was 
pushed back in its repeated attacks on it. Later on it transformed the cell inside, 
which formed, with the neighbouring cells similarly invaded, a thick mass of 
filaments replacing the cellular structure of that part of the root. The progress 
of the fungus in the tissues beyond this strongly invaded region, was along the 
inter- cellular spaces and not through the interior of the cells. 





Relation of soil temperature to cotton wilt. 

Durinv the course of the cotton wilt investigation in the Cotton Research Labo- 
ratory, Dharwar, the close relation between the soil temperature and the incidence 
of the wilt disease of cotton had been observed by Kulkarni.* It has been noted 
that the desease was at its optimum between temperatures 18°-25°C. Even the resis- 
tant varieties were found to show a great degree of susceptibility at the above 
temperatures. As the temperature rose from 25°C. onwards to 30°C. there was a 
decrease in the disease while it was eliminated at 32°C. and above. This remark- 
able response of the disease to soil temperature presented a fine opportunity for 
the study of the nature of resistance to wilt in cotton. 

The work recorded in this paper was undertaken with a view to find out 

1. The mode of penetration and the further progress of Fvsarivm vamfectmn 
under ordinary atmospheric conditions, in three varieties of cotton plants (suscepti- 
ble, resistant, and immune) that vary in the degree of their resistance. 

2. Whether there are any histological differences that distinguish the three 
varieties. 

3. How the three different hosts react toward the infecting hyphae under con- 
trolled conditions of temperature. 


Material. 

Three varities of cotton that markedly differed in the degree of their resistance 
to wilt were chosen for this study. 

^Unpublished records referred to with permission. 
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Dharwar I cotton (Gossypium herbmeum . L.) — a selection from the Kumptas — 
whose wilt percentage is very high, was selected as the typical susceptible type. 
Dharwar II cotton (Gossypium kerbaaeum , L.) — also a selection from the Kumptas — 
which resists to the extent of 96 percent in the fields was chosen for its resistance ; 
while Gadag I {Gassy pium hirsutim , Mill.) a strain from the acclimatized American 
cotton was selected for its immunity. 

A pure culture of Fusarmm vasinfectam which was isolated from wilted cotton 
plants of Dharwar I variety in September, 1924 and whose parasitism has been 
tested, was used throughout the present study. 

Methods. 

Four to five delinted* selfed seeds of Dharwar L Dharwar II. and Gadag I, 
were sown in sterilized Petri dishes, the bottoms of which were covered with moist 
blotting papers. The radicles generally emerged on the second or third day. 
When they were sufficiently big, i. e., about an inch or an inch and a half long, a 
definite portion behind the root-cap. about half to one centimetre, which had very 
often root hairs, was inoculated with a suspension of spores, in sterile water ob- 
tained from a ten days old culture of the cotton wilt fungus, grown on steamed rice. 
A microscopic examination of the inoculum showed a large number of microspores, 
a few macrospores and a few hyphae. The inoculated portion was marked off with 
Indian ink. Care was taken to see that the seedlings were not disturbed from their 
original places. The Petri dishes were kept in the plant-house, the temperature of 
which ranged from 12°-32°C. during the period of investigation. 

The inoculated portions of the roots were cut and fixed in weak ehromacetic 
acid from the first day to the eighth day. The material was washed and dehy- 
drated by the usual methods, embedded in paraffin (53°C. m.p.) and sections were 
cut 10 ji or 12 p. thick. Safranin and gentian violet combination was used. 

For the study of the effect of soil temperature on the wilt, plants of the three 
different varieties mentioned above, were grown in sterilized soil— soil* sterilized at 
15 pounds pressure and 135°C. for an hour. For the low temperature series the 
infected pots as well as their controls were kept in big earthenware pot s containing 
cold water. For the sake of convenience they are referred to in the following pages 
as cold tanks. The temperature of these cold tanks never went above 25°C. For the 
higher ranges of temperature, the special incubators in the Cotton Research Labora- 
tory, which could maintain the required temperature were made use of. The plants 
were grown in infected soil in the incubators at 32-34°C. The study of the patho- 
logical anatomy of these plants grown at high and low temperatures, was made by 
hand sectioning. 

#The seeds were delinted by treating them with concentrated sidphurie acid for five minutes and they 
were then thoroughly washed with distilled water. 
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The nature of substances produced in response to the fungus attack was found 
by treating the hand sections of the roots from infected and sterile soil, with iodine, 
ehlorzinc-iodide, potassium hydroxide, Schulze's macerating fluid and Sudan HI. 
Schulze's macerating fluid was used throughout the present study to test for 
suberin. 

Investigations* 

Anatomy of the normal root . 

In order to see whether there are any anatomical peculiarities that distinguish 
the roots of the susceptible, resistant, and .immune varieties selected, sections of 
the roots of Dharwar I, Dharwar II, and Gadag I were examined microscopically. 
But no such differences could be observed. The anatomy of the normal root of 
cotton is, however, described for a clear understanding of the following pages. 

The primary structure of the cotton root resembles that of any typical dicoty- 
ledonous root. It consists of uniseriate epidermis which develops root hairs some 
distance behind the elongating region. The cortex consists of six to seven and 
sometimes even eight layers of thin walled parenchyma. 

The stele is surrounded by the pericvcle consisting of a layer of parenchyma- 
tous cells and a prominent endodermis. The four protoxylem bundles alternate 
with an equal number of protophloem bundles. The central part of the stele is 
occupied by the pith. 

The secondary thickening commences during the fifth week after germination. 
The epidermis, cortex and the endodermis completely disappear only in the sixth 
week after germination and it is at this time that the cork cambium (Phellogen) 
is formed and cork is produced externally. 

A. Penetration and progress of the cotton wilt fungus in the susceptible variety . 

The micro and macrospores of Fusarium vasinfectum are hyaline. The micro- 
spores are of varying shapes. They are unicellular as well as septate. The macro- 
spores are sickle shaped and are more often septate. Ordinarily under normal 
conditions both the micro and macrospores germinate within twenty-four hours. 
But on the radicles the germination was delayed till the second day after inocula- 
tion. In some cases they were found to remain on the radicles without germina- 
ting till the fifth or the sixth day. Small strips of epidermis were peeled off at 
intervals and examined in water under the microscope. The ungerminated spores 
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sufficient moisture might be one. The germ tubes were put forth from one or both 
ends of the spore. In fig. 1, 8> macrospore is seen attached to a roof hair.- Small 
pieces of hyphae that were carried along with the spores were also seen attached 
to the outer wall of the epidermis. 








Stages of penetration and progress of the cotton will togas in Dharwar L 

Fig. 1. Two days after inoculation. A macrospore is seen attached to the root hair. Ma. S*— 
Macrospore ; B. H. — Boot hair. X 768. 

jfjcf, 2 . Four days after inoculation. A microspore <M. 0.) has germinated and the genu tube has 
made its way into the epidermis (epj. Co.— Cortex. Gt.— Germ tube X390. 

Fig. 3. Five days after inoculation. The fungus has entered the cortex, ep.— epidermis.; Go.— 

Figs. 4 and 5. Six days after inoculation. The rapidity of the fungus penetration and its progress 
in the cortex can he seen. X390. 

Fig. 6. Seven days after inoculation. The fungus has reached the last layer of the Cortex. X 380, 
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over the inoculated portion of the radicle. But not. a single case had been ob- 
served, in which entrance was gained by the liyphae during this day. 

At the time when the fungus was attempting to enter the root there were no 
secondary roots developed. The fungus attacked the tap root first. The mfectec 
portion of the root occasionally showed slight yellowing by the third or the. fourth 
day. Hand sections of fresh material showed the outer walls of the epidermis 
coloured very slightly yellow. The germ tubes or the hyphae were seen to pene- 
trate the root through the outer wall of the epidermis, on the fourth day after in- 
oculation. The hyphae were never found to enter the host tissues through the root 

hairs, though there were a number of them in the neighbourhood of the cells pene- 
trated. The hvphae were seen to make their way singly into the host through 
the outer wall "of the epidermal cell. The epidermal cell into which the hypha 
penetrated showed no visible signs of any disturbance in its contents, either before 
or after the entry of the fungus. There was neither any constriction of the hypha 
at the point of its entrance, nor did the cell wall surrounding the hypha appear thin 
or weakened. Where the hyphae entered, there was not more than one hypha 
making its way in through the same point. Hyphae were not found to “ surge 
through ” the cell wall. The hyphae after having entered the epidermis showed no 
tendency either to swell or shrivel. Fig. 2 shows a typical stage of fungus entry. 
The germ tube has entered and pushed itself into the cell to a certain extent. These 
observations point to the probability that the entry of Fusarinm vasinfeclum into 
the root of cotton is purely mechanical. 

The fungus travels through the epidermal cells and pierces through the inner 
wall of the epidermis to enter the cortex on the fifth day after inoculation. The 
penetration is effected in the same manner as before. No discoloration or plas- 
molysis takes place in the cortical cells beneath the point of attack. Though some- 
times the hyphae are found to go very close to the cell wall, their general habit 
in travelling from one layer to the other is by going right across the cell from the 
outer wall to the inner one. They are not observed to progress in the tissues by 
making their way between the cell walls. The method of entry as well as the pro- 
gress of the fungus is intracellular and not intercellular. Branching of the hyphae 
in the tissues is far from being common. 

The progress of the fungus, after it entered the cortex is very rapid. It has 
gone half way into the cortex after the sixth day after inoculation. The hyphae are 
turgid all along. They do not appear to be injured, which shows that the host 
tissues have not reacted adversely towards the progressing hyphae. The fungus 
does not. show any tendency to clog the epidermal or cortical cells, either by their 
accumulation or by their free branching in those cells. The ease and quickness 
with which the cortical cells are invaded by the fungus and the absence of any 
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disorganization of the contents of these ceils, suggest that no resistance is offered 
to the progressing hyphae by the invaded tissue. The only barriers in the way 
of the fungus are the cell walls. 

By the sixth day after inoculation the fungus has completely surrounded the 
outer surface of the root, and fresh entries of the hyphae are observed up to this day. 

On the seventh day (after inoculation) the fungus travels through the remain- 
ing layers of the cortex as before and reaches the endodermis. No other changes 
are observed on this day. 

The endodermis and the pericycle are crossed the next day (eighth day of inocu- 
lation) and the hyphae enter the protoxylem vessels also. The endodermal cells 
are turgid with protoplasmic contents and are darkly stained. There are 
cases (Fig. 7) where the fungus is making its way through the endodermis. The 
fungus is also seen travelling through the phloem region (Fig. 8). The free ends of 
the hyphae that penetrate through the walls of the xylem are seen in the vessels 
(Fig. 9). In some of the advanced cases the interlacing of the filaments also can be 
found in the vessels. The entry into the protoxylem vessels is made possible in such 
a short time by the nearness of those vessels to the endodermis. (Figs, 9 and 10.) 
The phloem vessels are not clogged by it. The typical discoloration that is seen 
in the wilted plants could not be clearly seen in the stained slides. In fresh hand 
sections of the root of the same age, yellowing of vessels and a very slight brown 
discoloration in some cases were observed. 

No other histological changes in the cortical and endodermal tissues were found. 
Fusarium msmfectum is a vascular fungus and it enters the susceptible host, 
Dharwar I, with the least resistance, travels through the epidermis, cortex, en- 
dodermis and pericycle without affecting them visibly and reaches the xylem 
vessels, which it inhabits thereafter. 

B. Penetration and progress of the cotton wilt fungus in the resistant and the immune 

types. 

The fungus penetration and the manner of its progress in the resistant and 
immune types were so similar that they are here described together. 

The germination of the spores was generally on the second day after inocula- 
tion in both the types, though in one or two cases they were observed to put forth 
germ tubes even on the first day. Absence of favourable environmental conditions 
seems to be the only cause of retardation of the germination of spores. 

Though the germ tubes emerged on the first or second day after inoculation, 
the penetration into the epidermis could not be effected till the fourth day as in the 
susceptible variety. The germ tubes and the hyphae, that were carried along with 
the spores, grew and spread over the outer surface of the root. A layer of cork, 
varying in its thickness, was formed over the epidermis of the infected portion of 
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the root (Figs. 18 & 19). The uninfected portion showed no such development. 
Even the infected portion did not show a cork layer of uniform thickness. It was 
thicker where the hyphae were trying to enter into the tissues. The outer walls 
of the epidermal cells were also suberized. The presence of suberin was tested by 
Schulze’s macerating fluid. The resistant and immune varieties had developed the 
peripheral cork and suberin in the outer epidermal walls, unlike the susceptible 
variety, in response to the attempt of the fungus to enter the tissues. 
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Stages of penetration and progress of the cotton wilt fungus in Dharwar 1L 

One day after inoculation. The germination of the microsporc (M.O.) on the epidermic (ep) 
of Dharwar II. Go. — Cortex. x!2S. 

Five days after Inoculation. The hypha has entered the epidermis <ep). X390. 

Four days after inoculation. The hypha is penetrating into the epidermis, after passing 
through the peripheral cork. (Pc.) X 390. 

Six days after inoculation. The progress of the fungus in the cortex can be seen. 
(Longitudinal section). X 390. 

Seven days after inoculation. The fungus has reached the last but one layer of the cortex. 
X 390. . 

Eight days after inoculation. The entry of the fungus into the endodermis (en) is seen. 
Co. — Cortex. X 128. 




Stages of penetration and progress of the cotton wilt fungus in Gadag L 

Fig. 17. Two days after inoculation. The germination of the microspore (M. C.) and the attempt of 
the germ tubes to penetrate through the peripheral cork (Pc) are seen. X390. 

Fig. 18. Four days after inoculation. The entry of the fungus into the epidermis after passing 
through the peripheral cork is seen. X 390. 

Fig. 19. Six days after inoculation. The hyphae are seen in the outermost layer of the cortex. 
Co. — Cortex. Pc. — Peripheral cork. X 390. 

Fig. 20. Seven days after inoculation. The fungus is travelling through the cortex. X 390. 

Fig. 21. Eight days after inoculation. The fungus has reached the last layer of the cortex, en. — 
Endodermis. X 390. 

The fungus was able to penetrate through the cork layer and the suberized 
walls of the epidermis on the fourth day after inoculation (Figs. 13 & 18). Single, 
solitary hypha could penetrate the layer of the peripheral cork and the suberized 
cell walls. Even at those places where a number of hyphae got accumulated over 
the outer surface of the root, only a single hypha was seen penetrating into the 
epidermal cells (Fig. 13). The hyphae did not show signs of swelling or shrivel- 
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ling on meeting with, the cork layer. The penetration through the cork layer did 
not seem to be in any way different from that through the cell walls, though it 
cannot be definitely said whether the penetration was mechanical or by the dis- 
solution of suberin into pectin-like substances. The contents of the penetrated 
epidermal cells were apparently undisturbed. 

The progress of the fungus in both the hosts on the next day after its entry (i.e. 
fifth day after inoculation) was not very marked. It was either making its way 
through the epidermis or entering the first layer of the cortex (Fig. 12). The con- 
tents of the cortical cells showed no disturbance. 

By the sixth day after inoculation the hyphae had crossed the first layer of 
the cortex and were making their way through the second layer. In only one case 
in Dharwar II they were just entering the third layer of the cortex. The hyphae 
that were travelling through the tissues were quite normal. No injury seems to 
have been done to them, though their progress in the two hosts was slower than 
that in the susceptible host upto this stage. 

The progress of the fungus differed slightly in the resistant and the immune 
varieties on the seventh day after inoculation. In the former the rapidity of the 
fungus penetration was considerable. It reached the last but one layer of the cor- 
tex, while in the latter the hyphae had only crossed the second or third layer of the 
cortex. 

The fungus was all along intracellular and not as Fahmy observed, intercellu- 
lar. It reached the last layer of the cortex in the resistant as well as the immune 
varieties on the eighth day after inoculation. In the immune type the fungus had 
barely crossed the second or third layer of the cortex till the previous day. while 
the next four or five layers were crossed on the eighth day. The delay observed 
on the seventh day was made up and the progress was nearly the same in both 
the varieties on the eighth day. In the resistant Dharwar II the endodermis was 
also penetrated in a few cases. The rapidity with which the fungus had progres- 
sed after the seventh day after inoculation in Dharwar II and on the eighth day in 
Gadag I points to the probability that resistance offered by the two hosts was con- 
fined more towards the outer layers, of the cortex and the epidermis. Having 
crossed the outer layers, it almost sprang to the endodermis as if relieved from 
pressure. 

In fresh sections it was observed that in addition to the peripheral cork layer 
formed over the epidermal cells, the cells of the first and even of the second layers 
of the cortex, here and there were suberized by the fourth or fifth day after in- 
oculation. The suberized cell walls might have been one of ti e factors of resist- 
ance observed in the outer layers of both the types, though the delay of one d, 
to reach the endodermis in the case of Gadag I might not be of 
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Observations made with plants (1-| week old) grown in wiL sick , oi ■ P ' 
in tbe plaJit-holiRe without controlling the .oil ton^ralnro, show tin. » 

„ made it., -ay into the *ylcm v«elt in the te»t»nt Dta»« H • ( «^J 

accompanied by' the typical dioooloration Jrf the vessel.. No other change. .... 

observed in the stele. 

Resistance in relation to soil temper attire. 

Soil temperature is one ol the most important “ conditioning factors " oi en- 
vironment. Observations made with the temperature tanks where a constant 

temperature was maintained, showed that the susceptible variety Dha vai I « a„ 

very highly resistant after 32°C. Under low temperature conditions (18 -) 
Dharwar I was cent, per cent susceptible. Dharwar II had shown a high degree cd 
susceptibility while in the case of Gadag I there was very little wilting T he hi J 

resistance of Dharwar I at high temperatures and the breaking down of the 
of Dharwar II and even of Gadag I at low temperatures made it clear that 
exists a close relation between the soil temperature and the disease (wilt). 

The anatomical peculiarities observed in the three types both at high ^and low 
temperature conditions throw some light on the (histological) nature of the resist- 
ance offered by the plants. _ . , 9« C P1W1 

Dharwar I plants grown in infected soil and kept m cold tanks (18 28 <.) 

their tap roots infected first and later on the side roots. The affected roots were 

never observed to rot. The epidermal cell walls, those of the cortical ceds of one 
or two layers and sometimes even of the endodermis were suborned. It was not 

uncommon to find a little peripheral cork over the outer epidermal walls. 

the fungus infected the side roots, there was no suberization of the outer cell 
of epidermis. In the artificially inoculated radicles and even in the m ectec p ants 
from the soil the development of either the peripheral cork or suberization of die 
cortical cell, was confined to the portion that, was attacked by the fungus. Ihv 
above developments took place uniformly all round the root, only vhen the m V ls 

had surrounded its whole surface. . ,. 

The epidermal, cortical, endc-dermal and phloem cells shewed no signs o\ <• ls- 
turbance in their cell contents. The typical brown discoloration of tlm xyiem 
vessels was seen in all the affected plants. The amount of the fungus judging 
from the number of vessels clogged partially or completely, was great. 

In a plant which was six weeks old and which had resisted the disease till then, 
the upper (older) portion of the tap root showed secondary thickening 
which commenced a week before. Hyphae were seen sticking to tlw outer corv- 
layer trying to enter, but none of them gained entrance. Many of the xylem 
vessels were free from the fungus though the discoloration was observed m some, 
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PLATE XXIV. 






Lower, tender portions of the same root showed no ' secondary thickening. The 
fungus could make its way into them in the usual manner. 

The resistant and the immune types grown under similar conditions showed 
the same peculiarities as had been observed in the case of the susceptible variety. 
The suberization of the epidermal and the cortical cells (first and second layers), 
the development of a little peripheral cork over the outer walls of the epidermis, 
the progress of the fungus without causing any injury either to itself or to the 
host, the presence of the fungus in the vessels accompanied by their discoloration 
and the early initiation of the secondary thickening were observed in Dkarwar II 
and Gadag I. The only difference between the two varieties was that in Dkarwar 'II 
the fungus was abundant where as in Gadag I it was much less. 

The controls for all the three varieties Dharwar I, Dkarwar II, Gadag I grown 
in sterilized soil and kept as the infected ones, in the cold tanks (18-25°C.) showed 
slight suberization of the epidermal cell walls only. The upper, older part of only 
a few six week old control plants showed just the beginnings of the secondary 
thickening. 

A comparison of the infected with their controls showed that the early initia- 
tion. of the secondary thickening and. the pronounced suberization of the epidermal 
. and cortical cell walls as well as the slight development of the peripheral cork were 
induced in the former because of the presence of the fungus. The low 7 temperature 
was responsible for the breaking down of the resistance of Dkarwar II and Gadag I. 
But the resistance of Gadag I was very great even under such unfavourable 
conditions. 

At higher temperatures 32°-34°C. the susceptibility of Dharwar I was reduced 
to a minimum. The tap root was affected first and then the side roots as in the 
case of plants in the cold tanks. A thick layer of peripheral cork all round was 
observed. It was thicker where the fungus had attempted to enter the host tissues. 
The walls of the epidermal cells were well suberized and at times those of the cortex 
also. The wails of those cortical cells through which the fungus penetrated and of 
those in their neighbourhood were subemed and the contents of those cells became 
brownish yellow in colour and gave test for suberin. In a transverse section, the 
affected portions of the tissues appeared as brown patches (Plate XXIV, fig. 5), The 
affected cells were turgid and did not disintegrate after the development of suberin. 
The important feature was that the suberizationof the cell walls and the disturb- 
ance in the cell contents took place even before the entry of the fungus. 

Only those endodermal cells that were opposite to the xylefn bundles that first 
developed suberin in their cell walls and cell contents. Other endodermal cells were 
suberized a little later (Plate XXIV, fig. 5). The fungus after having made its entry 
into the epidermis travelled through the tissues until it reached the xylem, which it 
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clogged as usual accompanied by the production of the brown discoloration. 
Though a few plants wilted, a great many of them were successful in resisting the 
disease. In the apparently healthy plants the fungus did enter the xylena vessels, 
but it appeared to be not very abundant. All the peculiarities described above 
were seen in those plants also and in no way could they be said to be more pro- 
nounced. It was evident that the plants survived not by avoiding the fungus or 
by merely putting barriers in its way but by some inherent capacity of the proto- 
plasm to resist the fungus attach. 

The resistant and the immune varieties were better protected than the sus- 
ceptible one, at higher temperatures (32~34°C.). The peripheral cork which was as 
thick as in Dharwar I was produced in the same manner over the attacked portion 
of the root at first and then all round. The cell walls of the epidermal cells as well 
as the cortical cells beneath the place of attack were suberized. The contents of 
those cells had undergone complete disorganisation which was evident from the plas- 
molysed dark brown matter observed in all those cells (Plate XXIY, figs. 1 & 2). 
The brown matter gave test for suberin. The fungus was seen entering through 
the cork layer outside as well as through the outer epidermal wail of the root. The 
penetration was extremely slow. As the fungus progressed the cell walls in front 
of it became suberized and the contents of those cells disorganised. The host was 
putting fresh barriers in the way of the fungus, as it succeeded in pushing its way 
inside. Progress of the fungus through the tissues depended on its quickness in 
travelling through the disorganised cells before they collapsed. It rarely crossed 
the endodermis which had also developed suberin in its cell walls and cell contents. 
But no plasmolysis of its contents had taken place. Where the fungus succeeded 
in getting into the inner stele, the phloem and parenchymatous cells were also suberi- 
zed. The vessels turned dark brown. In those cases the brown walls of the vessels 
gave test for suberin. The cells, both epidermal and cortical, which were affected 
collapsed after a time and disintegrated. The hyphae that could enter the stele 
were very few, and clogging of the vessels was uncommon in both the hosts. The 
portion which was free from the attack of the fungus showed neither suberization 
of its cell walls nor any disturbance in its contents. 

It is evident that in both the resistant and immune varieties, the fungus was 
very effectively checked from making much progress in most of the cases, by the 
disorganisation of the cell contents first, and the disintegration of that part later on. 
Fungus could do no harm even where it gained entrance into the stele. Resistance 
of Dharwar II and Gadag I consists in their ability to develop suberin in their cell 
walls and the ready response observed in the cell contents of the affected cells. 

The controls for the three varieties in these high temperature experiments 
showed no such disturbances in their tissues, but the epidermal walls of ail the 
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types were slightly subexized as in the controls in the cold tanks (Plate XXIV, figs. 

3 ' 4 tfte absence of .be high tempe.at.re and in tie presence of the togus, the 
in one aube v 8 nma^ntibilitv There was neither a thick pen- 

three varieties had shown greater suscepti bilrtj . rn 

pheral cork layer nor the disturbance in the cell contents of the tx sues. lhe 
absence of the fungus and the increase of temperature had not resulted m pro- 
ducing the changes observed in the infected plants at high tempmatures It wa 
evident from these facts that the high temperature was responsible for the great 
Stance ^ offered by the susceptible variety. Dharwar I was extremely resistant 
while Dharwar II and Gadag I were immune under these condition*. 

Discussion. 

The present study was undertaken to see how «be pathogene penetrate, and 
in the susceptible, the resistant, and the immune ennerte, of cotton 
Tie lether the above mentioned three type, of cotton could be d,atagur S hed 
by their structural eharaoters and lastly to see how they behave at. high and ow 
temperature conditions towards the causal organism, Fmanum msmfeUum. 

CSavionr of the fungus towards the three types, that differed markedly 
in their capacity to resist wa. to a great extent simdar under the plant-house 

“germination of the spores in all type, was delayed till the second day after 
inoculation. The germ tubes entered the root directly or they fin, elongated and 
spread over its surface. In the case of the cotton seedhngs, the entrance into the 
root waT effected by the germ-tube, or the hyphae, so far as observations show, by 

^T^on of tojftTy ito^the coll wall has been under, tndy fora 

long ttoe Marshall Ward [1902] who was one of the earliest to study it suggested 
S in^ght he due to the dissolution of the cell wall at the point of infection by 

^ Batalin andWelsford [1916] hod shown that Bolrytis tinma did not secrete 
„ dissolving ensyme but penetrated the cuticle by meoban, cal means alone. 

Brown andW [!921] 

— «•* 

turgor ot rue unue j fo , i lV t n e f ull «i the stimulus was one of 

in “ tbe penetration of the membranes by the xw& ^ 

contact and the means of penetration was purely mechanical . 

Tt is difficult to say anything definitely m the case of cotton, ike absence ot 
auy abnormality in the content's of tbe penetrated cells indicates that penetration 
Z esZZoL a result of any injury to or change of the protoplasmic contents 
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of those cells. There was no plasmolysas of the cell contents to Buggeat 1, 
entrance was gained because of the removal of turgor. Ike penetrating hyphae 
were normal before and after the entry into the host. The cell wall surrounding 
the place of entry did not appear to be thin or weakened. There was not more 

than one hypha entering through the same point. _ . 

In the ease of the resistant and the immune types, the patliogene could gam 
entrance into the epidermal tissues on the fourth day as in the case of the suscepti- 
ble type. The penetration, in spite of the presence of the peripheral cork layer, was 
similar to that in the susceptible host. 

Conant [1927] in his study of the resistance of tobacco to Tlmlawa basicota, 
had not observed the penetration of the suherized walls in the tobacco roots by a 
sincrle unaided hypha. The penetration of such cell walls occurred as a result of a 
sort of “ mass action ”, where a weft of hyphae came to lie in contact with the walls, 
which were probably weakened by the enzymes secreted. i£ A number of hyphae 
then appear to surge through the weakened walls. 1 ’ 

In the case of cotton, single hyphae could penetrate through the layer of cork 
and suherized cell waits. Even where a number of hyphae came to he on the outer 
surface of the root, the penetration was effected only by a single hypha. From the 
observations, it seems clear that penetration of the fungus into the cotton seedlings 
is mechanical, i.e., by the piercing of the cell wall. 

In the susceptible variety the further progress of the f ungus was one of inva- 
sion of layer after layer of cells, until it reached the xylem, which it entered after 

the eighth day of inoculation. 

The resistant and the immune types differed from the susceptible host m that 
the progress of the fungus was retarded to a certain extent in the outer layers of 
the root, i.e-, the epidermis and one or two layers of the cortex. By the fourth day 
after inoculation a layer of peripheral cork, which varied in its thickness in accord- 
ance with the severity of fungus attack, was formed over the outer walls of the 
epidermis. The walls of the epidermis and even of the cortical cells here and there 
of the outer one or two layers were all suherized. The fungus could go only to the 
first or second layer of the cortex in Dharwar II and Gadag I by the sixth day after 
inoculation, while it had gone half way into the cortex by that time in Dharwar I. 

Though the delay in progress was considerably made up during the following 
two days in Dharwar II and Gadag I, yet it could reach the eudodermis only by the 
eio-hth day, by which time it had already entered the xylem vessels in Dharwar I. 
The fungus was meeting with resistance, while trying to make its way into the tis- 
sues in Dharwar II and Gadag I, was certain. Whether the resistance was because 
of the subornation of the cell-walls or the difference in the physiological nature of 
the cell-contents is not definitely known. 
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Tisdale [ 193 7 ] working oh iiax wilt (Fusumm Uni) reported that the thicken- 
ed walls would not be sufficient by themselves to prevent invasion in flax plants 
resistant to wilt. He believed that some toxic or other chemical substance was 
produced by the protoplasm of the resistant host, which had a deleterious effect on 
the fungus and concluded that resistance of flax to Fvmnum Uni was essentially of 
a chemical nature. 

Gilchrist [ 1926 ] found that resistance to foot rot in pea was due to the cuticle 
being thicker in the resistant variety than in the susceptible one. 

In the case of the tobacco root rot, the. fungus Theilavia basicola was found to 
grow and sporulate as freely in the resistant as in the susceptible one. Cona.nt 
[ 1927 ] observed that resistance to root rot in tobacco <c was definitely correlated 
with the ability of the host to develop a cork layer beneath the point of infection**. 
He concluded that unaided by the cork formation, the special chemical substance or 
character, that the resistant tobacco roots might be containing, would be of no 
avail. 

Studying the parasitism of Colletofrichum Lindemuthumim, Leach [ 1923 ] 
observed that resistance was due to the inability of the fungus to obtain nourish- 
ment from the living protoplast. 

Weimer [ 1929 ] found that the layer of cork formed over the wounds in sweet- 
potatoes was “not alone responsible for the protection of the wounds ; though the 
euberization of the surface cell-walls was a factor preventing the entrance of the 
micro-organisms 

In cotton, under ordinary conditions of atmosphere, the fungus was able to 
penetrate and progress in the roots of the susceptible, the resistant and the immune 
types, though in the latter two some slight resistance was offered. The develop- 
ment of a peripheral cork layer or of suberin in the cell walls of the epidermal or 
cortical cells could not check the fungus entry or its further progress, though it is 
possible that they might have been some of the factors that the fungus had to over- 
come in order to gain entrance. It appears that resistance in cotton might be due 
to the combined action of both the production of cork over the surface and the cell 
walls, and the resisting quality of the protoplast. 

The response of the three hosts to the varying conditions of temperature was 
very interesting. The resistance of Dharwar II was broken to a very great extent 
under low temperature conditions (18- 25°C.). But the immune variety was very 
highly resistant even under those conditions, which shows that the resisting quality 
was so great that it could not be broken to any large measure. 

The suberization of the epidermal cell walls was common to all the types irre- 
spective of the fluctuations in temperature, the degree of resistance and also the 
presence or absence of the fungus. 
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The infected plants of Dharwar I, Dharwar II. and Gadag I grown in wilt-sick 
soil and kept in cold tanks showed suberization of the epidermal walls and in addi- 
tion a little peripheral cork at points of severe attack and also the suberization of 
the cortical cell walls of one or two outermost layers. The peripheral cork, how- 
ever little, and the suberization of the cortical walls seem to be produced in re- 
sponse to the attack of the fungus entirely, though these developments were found 
insufficient to successfully prevent the fungus from entering the host tissues. The 
rapid progress of the fungus and the healthy appearance of the tissues, other than 
the xylene in Dharwar I and Dharwar II under low temperature conditions, point 
to the fact that practically little or no resistance was offered by the cell contents of 
those cells. Gadag I which resisted better than Dharwar I and Dharwar II de- 
veloped no thicker layer of peripheral cork nor was there any other histological pecu- 
liarity that could account for the resistance observed in it. 

Dharwar I notwithstanding the thick layer of cork produced outside the epider- 
mis, the suberization of the cell walls of the epidermis, cortex and endodermis, and 
the disorganisation accompanied by the development of snberin by the cell contents 
at high temperatures could not effectively check the invasion of the fungus. While 
in Dharwar II and Gadag I the fungus could not make any headway on account of 
the complete disorganisation of the cells surrounding the place of infection and com- 
plete collapse and disintegration of that part later on. 

If the peripheral cork and the suberized cell walls were really effective in pre- 
venting the fungus from making its way through them, no fungus could be expected 
even in the susceptible host under low temperatures also. But the results show 
that it did enter all the hosts whatever the degree of resistance might be, under all 
conditions and in spite of barriers put in its way in the shape of suberized cell walls 
inside and peripheral cork outside. 

The anatomical features alone cannot explain the varied degree of resistance 
seen in Gadag I at low temperatures and of Dharwar I at high temperatures. 
Dharwar II and Gadag I which were immune at high temperatures had the thick 
peripheral cork, suberized cell walls, and the disorganised cell contents. If the 
absence of these features to the same extent in low temperatures can account for 
their susceptibility under those conditions, then Gadag I should have succumbed to 
the disease to the same extent as the susceptible Dharwar I. which was as badly 
protected. 

Again if these features were alone responsible for the high resistance of Dharwar 
II and Gadag I at high temperatures, then there was no reason why even a small 
percentage of Dharwar I plants, which were equally w'ell protected by the develop- 
ment of all these anatomical features, should succumb. There can be no doubt that 
the development of the peripheral cork and the suberization of the epidermal and 




t- 



®-i ■ mil 

© & 

•f£® “S* . £3 









PATHOLOGICAL ANATOMY OP THE COTTON PLANT. 


811 


the cortical cell walls can put up great resistance, though it may be only tempo- 
rary. In the older parts of the tap roots of all the varieties where the cork cam- 

bium and the thick peripheral cork were formed, the fungus was not observed to 
make its way into the tissues. But by the time the secondary thickening took 
place the fungus had already reached the xylem vessels and hence it could not be of 
great advantage. It is clear that the peripheral cork and the suberized cell walls do 
not constitute the main cause of resistance in cotton. 

Mention had been made in the preceding pages that the disturbance in the cell 
contents of the affected tissues of the roots of all the varieties at higher tempera- 
tures was the result of the increase in temperature. The absence of the above 
reaction seems to have something to do with the increased susceptibility of 
Dhawar I, Dharwar II and the breaking of the immunity of Gadag I at low 
temperatures. It seems very likely that the resistance at high temperature was 
connected with the ability of the host protoplasm to respond to the stimulus 

of the parasite. Whether the reaction was due to the sensitiveness or any 

other property of the protoplasm cannot be said with any certainity. 

Summary. 

1. The mode of entry of the parasite and the manner of its progress are the 
same in all the varieties of cotton — susceptible, resistant, immune— irrespective of 
their capacity to resist. 

2. Single hvpha was seen to make its way successfully through the peripheral 
cork and suberized cell walls in Dharwar II and Gadag I, without a weft being 
formed. 

3. In Dharwar I, the susceptible type, the fungus made its way into the epi- 
dermis on the fourth day and reached the xylem on the eighth day after 
inoculation. 

4. In the resistant Dharwar II and immune Gadag I, though the entry was on 
the fourth day as in Dharwar I, it could just enter the endodermis or reach its 
outer walls by the eighth day. 

5. At the ordinary temperatures of the plant-house the resistant and the 
immune types were seen to develop peripheral cork first over the infected portion 
and later over the other parts of the root, as the fungus encircled it. 

6. At low temperatures like 25°C. or below, the susceptibility of Dharwar I and 
Dharwar II greatly increased. Even the immune type had shown susceptibility to a 
slight extent. 

7. The infected plants of these types at low temperatures showed the suberiza- 
tion of the epidermal and cortical cell walls (one or two layers). A little peripheral 
cork was also developed more prominently under the points of infection. 
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8. The initiation of secondary thickening of the root in the infected plants was 
much earlier than in the. controls. 

9. The controls showed only the suberization of their epidermal walls. 

/ 10. At higher temperatures like 32-34°C. the susceptible type resisted to a 

greater extent and Dharwar II and Gadag I showed no deaths. 

1L The peripheral cork was thick in the infected roots of all varieties at high 
temperatures. The epidermal cells all round and cortical cells directly below the 
place of attack as well as those in their neighbourhood were not only stimulated to 
develop suberin in their walls in advance of the approach of the fungus, but their 
cell contents were also disorganised to a greater or less extent in all the varieties. 

12. The controls of these showed nothing but slight suberization of the epider- 
mal cells. 

13. The development of peripheral cork and the suberization of the cells do not 
constitute the main cause of resistance, though they could not be dispensed with. 

14. Resistance in cotton seems to be due to the nature of the host protoplasm 
mostly. 
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Explanation ol plates. 

the infected root of Gadag I from the incubator (32°C.-34°C.) Note the varying thick- 
ness of the peripheral cork and the difference between the affected and healthy portions of the 

The plasmolysed contents of the affected cells can he seen clearly. This is the stage before the 
complete disintegration of that tissue later on. 

A. T.- Affected tissue. ; P. C.— Peripheral cork. 

2. Section of the infected root of Dharwar II from the incubator. 

D. T.— Disintegrated tissue. 

3. Control for Gadag I, 

4. Control for Dharwar II. S. R. Side root. 

5. Section of the infected root of Dharwar I from the incubator. 

contents of the affected cells are turgid as the healthy ones. 

6. Control for Dharwar I. 

ftS the infected root (six weeks old) of Dharwar I. Note the secondary thickening. ^ 

2. Section of the root of a control plant (Dharwar I) which was of the same age as the mfecteo one. 

There is no secondary thickening. 9W , 

section of the infected root of Dharwar I from the cold tank (18 -2o C.), 

a ( Vniirol for Dharwar 1 i rom the cold tank* ... , % 

i sS„ showing the typical discoloration of vessels and their clogging by the hypnae. D.seoloum, 

vessels are very dark in the photograph. 


Note the disintegrated tissue. 


Note the affected tissue, 


The 
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SOME NEGLECTED SOIL FACTORS IN PLANT GROWTH 1 . 


BY 


A. H. MEYER 2 . 

(With Hates XXVI & XXVII.) 

(Reprinted from the Journal of the American Society of Agronomy , Vol. 23 No. 8, August 3931.) 

The difficulty of growing normal plants in synthetic media is one of common 
experience. The reason is self-evident, for all the factors that influence plant 
growth are not well understood. In the matter of nutrition alone there is increas- 
ing evidence that more than 10 of the 80 odd chemical elements known are essen- 
tial and indispensable to the life and growth of green plants. Some elements have 
apparently been overlooked owing to the fact that they are required in such small 
amounts, that either they have been supplied accidentally as impurities in the 
nutrient salts, or else the growth of the plant was continued for such a short period 
that the needs were supplied by small amounts stored in the seed. 

Aside from the additional elements which may be essential for plant growth, 
there are factors connected with possible toxic conditions which may be important. 
Certain kinds of finely divided or colloidal material, such as kaolin, silica, and ferric 
oxide, which are found in soils may, when added to culture media, combine chemi- 
cally or physically with toxic material produced in the culture media or excreted by 
plant roots, thus inhibiting the action of the toxins and greately favoring root 
development and plant growth. That there may be factors of this kind is indicated 
by observations to the effect that plants usually grow better in a good soil than in 
the best artificial medium that may be prepared. 

It was the purpose of this investigation to study some of the more or less 
neglected soil factors in plant growth which have just been mentioned. 


Review of literature. 


Of the additional elements sometimes said to be essential, manganese has been 
given the most consideration. It is invariably present in soils and also in a large 
variety of plants and animals. In the analyses of 23 Italian soils reported by 


1 Abstract of a thesis submitted at the University of Wisconsin in partial fulfilment of the 
requirements for the degree of doctor of philosophy. Published with the approval of the Director of 
the Wisconsin Agricultural Experiment Station. Received for publication February 28, 1 931. 

2 Associate professor of Soil Research, Louisiana Agricultural Experiment Station, Raton Rouge, 
La. The writer wishes to express his appreciation for the helpful suggestions and criticisms tendered 
Ijv Professor E. Truog, under whose general direction this work was done. 
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Contino (fi) 3 the amounts of manganese oxide range from a trace to as high as 0*48% 
the average being 0*17%. In Kentucky soils, according to Shedd {19), the 
percentage of manganese ranges from 0*05 to 0*3B1% in the surface soil and from 
0*002 to 0*264% in the subsoil. He found that a high percentage of manganese is 
associated with rich soils, that the cultivated soils contain less manganese than the 
virgin soils, and that under cultivation manganese is usually lost more rapidly than 
phosphorus. 

Jardin and Astruc (10) examined about 65 species of plants and found 
manganese in all of them. Their work also indicated a wide distribution of the 
element in the animal kingdom. 

McHargue (14) found the largest amounts of manganese in those parts of the 
seed coats that immediately surround the cotyledons. He found, too, that 
manganese is relatively high in those parts which secrete large amounts of oxidizing 
enzymes. He indicates that manganese may serve as a catalyst to the enzymes. 

Bertrand ( 1 , 2) was probably the first worker to assign a definite roll to 
manganese in plant nutrition. In pot experiments manganese increased the yield 
from 10 to 20% while in the field the increase ranged from 20% with peas to 30% 
with alfalfa. He concluded that manganese is apparently not to be replaced by 
another element, not even iron, and that just because it occurs in small amounts is 
no reason for regarding it as a secondary element in plant nutrition. 

Brenchley (4. 5 ), from work with pot cultures, concluded that manganese may 
be an essential element for plant nutrition, and noticed that it is toxic only in large 
amounts. Minute traces of this element in the from of a salt were found to have 
a very beneficial effect on both roots and shoots. 

In 1916, Skinner and Reed (20) reported the results of a 6-year test in which 
50 pounds of manganous sulfate per acre were applied on an acid and a neutral soil. 
On the neutral soil they received increased yields of wheat, rve, corn, timothy : 
beans and cowpeas, but not potatoes. There was no apparent benefit on the acid 
soil. They concluded that on acid soil, manganese decreased the oxidation power, 
while on neutral soil it increased it. 

Hiltner and Korff, in 1925, concluded that manganese is only beneficial to 
plants in that it accelerates oxidation in the soil. Two years later McLean and 
Gilbert (17) showed that manganese is a cure for chlorotic spinach. 

McHargue (15) argues that the statement, ‘Hhe 10 essential elements are the 
only ones that have important functions in the growth of plants ” is no 
tenable. He states that small amounts of manganese, copper, zinc, boron, barium, 
strontium., iodine, and arsenic are normal constituents of plants grown under natural 


3 Reference by number is to “ literature Cited”, j>p. 330—1. 
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v-dthout the addition of small amounts of several of the, elements rare m the ash 
plants. Sommer and Lipman (21) obtained evidence that sd, eon. aluminium, boron, 

zinr and chlorine are essential. . . . . 

From . study of the literature it appears that there >. a grown, g opinion tha 
other elements than the so-called 10 essential elements are necessary for the normal 
orowth of plants. It is natural that investigators should first have centered their 
thoughts on the elements occurring in the largest amounts in plants 

lesser important elements are required in such small amounts that they u a ■ 

doubtedly often furnished in sufficient quantities as impurities m the nutrient salts 
and thus their presence or need were overlooked. Even the necessity of iron was 
overlooked until Knop’s investigation, a little over ' a half eencury ^ago ^he 

development of new and more accurate methods of chemical ana yses and with 
greater^ refinement in methods of research, it seems entirely probable that some of the 
Slept, now called unessential may prove to be essential and very rmportant m the 

metabolism of plants. . i- n o\ 

Another factor involved in plant growth is that of toxins. Na^eh (IS) - 
covered as early as 1893 that by adding crushed graphite. M 
paraffin shavings, or other insoluble substances m a finely dmded state to the cul- 
sure medium the toxic edicts of eoj,per were entirely inhibited. 

Dandcno (7) found that the finer the sand is in the culture medium the mo . 
pronounced is the reduction of the toxic effect of copper sulfate. Similar results 

were obtained by Jensen (11) with sulfuric acid. 

In 1905 True and Oglevee (22) observed that the toxicity of solutions of silver 

nitrate and copper sulfate were materially reduced by the addition ol such insolu- 
ble substances » quarts sand, powdered glass, shredded filter paper and starch 
grains to the culture. Breazeale (3) on the other hand, m testing the tox.eity ot 
sulfuric acid to maize seedlings, was unable to reduce this toxicity by the .nlrodnc- 
tion of quartz flour, filter paper or paraffine to the solution. However. «, i, copper 
sulfate the medium was materially ameliorated by the addition ot carbon jlacl. 

Jensen 11 J) found that quartz flour reduces the toxicity m most cases, hut not 
when due to phenol and alcohol which, like resorcinal. are very week pomons to 
plants His results are fully in agreement with those of True and Oglevee U }. 

Livingston’s (12) data reveal that all poor soils studied by him, as well as the 
. aqueous extracts of these soils, were appreciably improved by the addition of cal- 
cium carbonate. Similar results were obtained by Breazeale (3). 
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The data of Breazeale bring out the point that the effects of calcium carbonate 
and ferric .hydrate (chemical agents) are much more pronounced than are t lose 
carbon black and quartz flour (physical adsorptive agents.) 

Em; chess (S) reports that a normal soil can apparently dispose of enormous 
quantities of organic compounds through physical, chemical, and biochemica action. 

In 1916, Truog and Sykora (23) made a study of soil constituents which inhibit 
the action of plant toxins. The insoluble materials used were quartz sand quartz 
flour, kaolin, and Superior clay. Their data indicate that in the inhibition of toxi- 
city, chemical reaction is a more important factor than phy sical phenomena, sue 
as adsorption. 
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was added to some of the cultures. It had a reaction .of pH Tho sollttas 
, at i „ iaa n-w^eii qipve before being mixed with the quartz sand. 
PaSK Higbtoted chemicals were used to make a basal nutrient solution according to 

the following formula : — 


Salts used 

NaN0 3 . 
Na 2 HP0 4 .12H 2 0 

KC1 . 

Oa (N0 3 ) 2 .4H 2 0 
MgS0 4 .7H 2 0 - 

FeCl 3 .6H 2 0 


Grams per liter of 
solution 

. 0-625 

. 0-462 
. 0-382 
. 0-240 
. 0-075 
. 0014 


Earthenware glazed pots of 2-gallon capacity were filled with 
uuartz sand One liter of tbe nutrient solution was added to each p . - 

T eolnt wrought up to 13 per cent, ,—ined there unt.l the crop 

was harvested The reaction of the nutrient solution was pH 7 1. 

Alfalfa, buckwheat, oats, and corn were grown with five different treatments as 

follows : — 

1. Control. 

2. 100 grams kaolin. 

3. 200 grams kaolin. 

4. 400 grams kaolin. 

5. 400 grams of Miami silt loam. 

The control quartz culture received only the basal nutrient solution. In the 
f t an additional pot was added containing 10 kilograms of quai tz sand 
Zdl kilogram of kaolin. The kaolin and sand were mixed thoroughly m the dry 

condition. ^ were thinned to 10 of buckwheat, 9 of oats, 12 of 

affato and 3 of com. The alfalfa was inoculated. The pot cultures were placed m 
and kept at an approximately constant moisture content by the 

addition of distilled water from time to . harvested 

The crops were all sown February Z6 ana oxcepwug 

Anril 30. Oats were harvested May 13. . * 

Alfalfa was the first crop to show differences in growth. After the elapse of 
10 days the plants in the sand cultures with kaolin were decidedly better, having 
larger leaves which were also darker green in color. The plants grown m quartz 
Ld clone were spindling end yellow in color. The addition of 400 grams of Hum.. 
Silt loam did not act as favorably as 100 grams of koalm. Phosphorus starvation 
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was suspected and an application of phosphorus to one of the duplicates produced 
a very quick response, thus substantiating the surmise that phosphorus was the 
limiting factor. Apparently the soluble phosphate was tied up to some extent by 
the soil. 

The alfalfa roots in the quartz sand culture had very few nodules, whereas 
those in the quartz sand with kaolion and in the quartz sand with Miami silt loam 
had a large number of nodules, and, in addition, the root development was much 
better. 

The weights of air-dry tissue produced, given in Table I, show the beneficial 
effect of kaolin and Miami silt loam on plant growth in quartz sand cultures. 


Table I. 

j Effects on the growth of alfalfa of the addition of kaolin and Miami silt ham to quartz 

sand cultures . 


Pot No. 

Treatment 

Weight of dry 
tops in grams, 
ave. of two 

Weight of dry 
roots in grams, 
ave. of two 

1 

Control 

. 

• 


. 


2*00 

1-65 

2 

100 grams kaolin . 

. 

• 


• 


4"50 

5*05 

3 

200 grams kaolin . 


• 


• 


4*60 

5*03 

4 

400 grams kaolin . 

* 

• 


* 


5*01 

4*50 

5 • 

400 grams Miami silt loam 

• 

• 


• 


4*70 

3*85 


It is evident that the kaolin had a very beneficial effect on root development. 
This effect is not nearly as evident with Miami silt loam. 

There were noticeable differences in the growth of buckwheat with the various 
treatments which showed up about two weeks after planting. The plants in the 
quartz sand culture were spindling and the leaves pale green in color, while the 
plants in the cultures with quartz sand and kaolin and quartz sand and Miami silt 
loam were thicker in the stalk and darker green in color. At all times the best 
growth appeared in the quartz sand culture with 400 giams of Miami silt loam. 
This was contrary to the observations with alfalfa. This might be explained by 
the fact that buckwheat can utilize difficultly soluble phosphates more readily than 
alfalfa. Just before inflorescence, the plants in the quartz sand culture were 
drooping, the stalks spindling, and the leaves small and pale green. On the other 
hand, those grown in the quartz sand culture with kaolin were rigid, the stalks 
thick, and the leaves larger and darker green, 

h 2 
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The comparative growth of buckwheat with the various treatments is shown 
in Plate XXVI, fig. 1- The weights of seeds, tops, ami roots are given m 

Table II. 

Effect on the growth of buckwheat of the addition of kaolin and Miami bdt o 


Pot No. 


Treatment 


Weight of 
seeds in 
grains, 
ave. of 
two 

Weight of 
dry tops in 
grams, 
ave. of 
two 

1*10 

3*75 

2*51 

i 5*15 

3*53 

4*20 

3*23 

5*95 

\ 4*24 

4*10 


grams, 
ave. of 
two 


_ . , , 1’JLU ^ •*' 

1 Control * ‘ 

2*51 5*15 0*70 

2 100 grams kaolin « 

•>.5*2 4*20 0*75 

3 200 grams kaolin • 

o.oo 5*95 0*70 

4 400 grams kaolin 616 

\ a . 94. , 4*10 0*45 

5 500 grams Miami silt loam * j I 

The data in Table II are in agreement with the observations made of the gene- 
ral appearance of the plants, with the exception of the plants grown wit lanu 

silt loam. In this case, the weight of the tops, contrary to expectation, was no a 
heaviest. As in the case of alfalfa, the root development was the largest m the 
quartz sand with kaolin. There was no significant difference in plant grow vi 

varying amounts of kaolin. , 

When it comes to the total weight of seed produced, the general appearance o 
the plants was a true criterion. The weight increased sharply fiom set o se 
and gradually from set 2 to set 5. Only in set 4 did the weight of seed exceed that 

of the tops. . , , 

In the series of experiments with oats the quartz sand cultures wi > ^ao m a 
with Miami silt loam gave a superior growth to that of the quartz san cu ture 
alone. At the end of two weeks’ growth, the oats in the quartz sand were spine liq, 
and the leaves, pale yellow, whereas, with the treatments of. kaolin they were sta 7 
and dark green in color. In the kaolin series, the oats with 400 grams of >.ao m 

■ were the tallest. The plants grown in quartz sand cultures with Miami sit oam 

were shorter and had thinner stalks and paler leaves than those grown in quartz 
sand with kaolin. 

At harvesting time the plants grown in quartz sand with 1,000 grams o '.ao m 
were the tallest and had the thickest stalks and darkest colored leaves of any m 
spite of the somewhat retarded growth at the time the photograph was fa ’em 


^ggj 



Fig. 2. — The effect on the growth 01 *ra|J 
wheat of the addition of washed klj 
]in to quartz sand culture. 1. — -j] 
grains washed kaolin. 2. — Control ; 


-The growth of buckwheat in quartz sand culture with the addition of kaolin 
and Miami silt loam. 1. — Control. 2. — 100 grains unwashed kaolin. 3.— 200 
grams unwashed kaolin. 4. — 400 grams unwashed kaolin, o. — 400 grams 
Miami silt loam. 
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The dark green color was especially noticeable in contrast to the plants in the 
quartz sand cultures. The weights of tops and roots are given in Table III. 

Table III. 

* Effect on the growth of oats of the addition of haolin and Miami silt 
loam to quartz sand cultures . 


Weight of dry 
roots in grams, 
ave. of two 


Treatment 


Weight of dry 
tops in grams, 
ave, of two 


1 Control 

2 100 grams kaolin . 

3 200 grams kaolin . 

4 400 grams kaolin . 

5 400 grams Miami silt loam 

6 1,000 grams kaolin 


As indicated in Table III, the kaolin had a very beneficial effect on the root 
development of the oats, as it did in the case of alfalfa and buck*wheat. The 
heaviest root growth was obtained with 200 or more grams. The highest weight of 
tops was secured where 1,000 grams were used, though very beneficial results were 
obtained from lesser amounts. The plants grown in quartz sand cultures with 400 
grams of Miami silt loam were not nearly as good as those grown in quartz sand 
the different amounts of kaolin, but nevertheless, appreciably better than those 
grown in the cultures with quartz sand alone. 

At the end of the third week, com growing on quartz sand with 200 grams of 
kaolin was decidedly better than that growing on the quartz sand culture. The 
corn plants in the quartz sand cultures had a characteristic pale green color and the 
leaves were narrow. In the case where kaolin was added, the stalks were thicker, 
and the leaves decidedly darker in color. The corn in the quartz sand culture with 
400 grams of Miami silt loam was not as good as in the case where kaolin was used. 
The leaves had reddish streaks indicating the presence of anthocyan, apparently 
showing a shortage of phosphorus. The weights of tops and roots are given 
Table IV. 

The data in the table indicate that the quartz sand culture with 400 grams of 
kaolin produced the highest weight of tops, as well as of roots. The yield from the 
quartz sand with Miami silt loam was considerably lower. However it is about the 
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^me ob tom the quarts Band with 100 and 200 grama of kaolin. The quarto Band 
alone gave by far the lowest yield. 

Table IV. 

Effect on the growth of corn of the addition of kaolin and Miami silt 
loGQH to (jiiaifTiz sand cuUutss « 


Pot No. 


Treatment 


Weight of dry Weight of dry 
tops in grams, roots in grams, 
ay©, of two ave* of two 


1 Control 

2 100 grams kaolin . 

3 200 grams kaolin «. 

4 400 grams kaolin . 

5 400 grams Miami silt loam 


It was thought that the beneficial effect of kaolin to plant growth might be due 
to eertain elements found as impurities in kaolin, usually not considered essential. In 
order to remove the impurities from the kaolin, it was subjected to a treatment of 
018 N HC1 for 24 hours, washed until it gave no further test for chlorides, and then 
dried and put through a 100-mesh sieve. 

Buckwheat was chosen for this next experiment because of its quick growth. 
The experiment was conducted in the same way as the previous ones. Two pots 
were provided with quartz sand and two with quartz sand plus 200 grams of 

washed kaolin. . _ .. 

The same general results were obtained with the washed kaolin as with the 

unwashed as is shown in Plate XXVI, fig. 2. The weights of oven-dried material 
are given in Table V. 

Table V. 

Effect on the growth of buckwheat of the addition of washed kaolin to 


Weight of 
dry roots 
in grams, 
ave. of 
two 
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Since the last traces of manganese could not be removed from kaolin by the 
acid washing, the following experiment was conducted in order to test the beneficial 
effect of certain elements usually considered unessential. The basal nutrient 
solution was shaken in one case with 20 grams of kaolin and in another with 20 
grams of Miami silt loam for 12 hours. These solutions were filtered before using. 
In another set of pots, the distilled water used for watering was treated, in one 
case, with 400 grams of Miami silt loam and in another with 400 grams of kaolin. 
In this experiment there were seven different treatments, including the control, as 
indicated in Table VI, which also gives the yields. 

Table VI. 


Effect of kaolin and Miami silt loam on the growth of buckwheat in 
quartz sand culture . 


Pot No. 

Treatment 

Weight of dry 
tops in grams, 
ave. of two 

Weight of dry 
roots in grams, 
ave. of two 

1 

Control . 

4*15 

0*35 

2 

Basal nutrient solution treated with 20 grams soil • 

3*45 

0*23 

3 

Basal nutrient solution treated witli 20 grams 
kaolin • 

5*95 

0*30 

4 

200 grams kaolin . « 

8*27 

0*75 

5 

500 grams of Miami silt loam .... 

9*68 

0*60 

0 

Distilled water for watering, treated with soil . 

3*85 

0*23 

7 

Distilled water for watering, treated with kaolin 

6*16 

0*55 


As in the previous experiment with buckwheat, the quartz sand with kaolin 
and the quartz sand with soil produced the best growth. The plants of the control 
were drooping, spindling, and yellow' in appearance. However, the plants in the 
quartz sand culture, the basal solution of which had been treated with soil, were 
even poorer than the control. The soil treatment decreased the supply of phos- 
phorus to such an extent that it was the limiting factor. When the nutrient 
solution was treated with kaolin, some improvement was noticed over the control. 
The plants, however, were sub-normal, the leaves pale yellow, and the plants did 
not possess the rigidity of the normal plants. When the basal solution was made 
up with distilled water treated with soil the growth of buckwheat was the poorest, 
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though where kaolin was used, the growth was somewhat better than the control. 

Plate XXVI, fig. 3, gives the comparative growths. 


Influence of other than 10 usual nutrient elements on plant growth. 

Another experiment with buckwheat was conducted to study the effects of the 
addition of a number of the elements found in small amounts or traces m the ash o 
plants. These different elements were added along with the usual basal nutrient- 
solution to quartz sand cultures in forms and amounts as follows 





Boron as H,BO„ giving 0-5 mgm. B per culture 
Zino as ZnSO a , giving 0-5 mgm. Zn per culture 
Aluminum as A!C1 S . giving 0-5 mgm. A1 per culture 
Manganese as MnSO a , giving 1-8 mgm. Mn per culture 
Copper as CuSO, -5 H 2 0, giving 0-125 mgm. Cu per culture 
Iodine as KI, giving 0-25 mgm. I per culture 
Fluorine as NH 4 F1, giving 0-25 mgm. FI per culture 

The various treatments and results are given in Table VII. Lack of tun 
facilities did not allow the experiment to be' carried out in greater detail so tin 
of the elements could be tested singly and in various combinations. 


Table VII 


Growth of buckwheat produced in quartz sand cultures when aMi/iona 
elements are added to the basal nutrient solution. 


Weight of dry 
roots in grams, 
ave* of two 


Treatment 

Weight of 
toils in grams, 
ave. of two 

Control . 

2-64 

B • » « * 9 * : * * 

3*05 

Zn * * * 

2*98 

B and Zn • * *> • 

3*05 

B, Zn, and A1 * • • 

3*75 

B, Zn, A3, and Mn . • 

5*40 

B, Zn, Al, Mn, and Cu „ 

4*00 

B, Zn, Al, Mn, Cu and I 

0*20 

B, Zn, Al, Mn, Cu, I, and PI . 

4*07 



mm : ; 



' ' , ; 


•The growth of buckwheat in quartz sa,n 
solutions and other additions indicated, 
and 20 grains calcium hydroxide. 3.— -( 
4. — 0*030 milligram manganous chloride. 
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In about 10 days, the plants in pots 5, 6, 7, 8 and 9 were, ahead of those in the 
control. They were of a darker green color, thicker in stalk, and more rigid than 
the plants in the control. Plants in pots Nos. 2 and 3 were about the same as the 
plants in the control. 

At time of harvesting, as indicated in Plate XXVII, fig. 1, the plants in all the 
treated pots were better than those in the control. The plants with the addition of 
boron alone, though taller, were spindling and not much better than those in the 
control. With the addition of zinc, the plants were not quite as tail as with the addi- 
tion of boron, but were thicker in stalk. The boron and zinc combination was decidedly 
better than either alone. Aluminum was the first element in the series to produce 
marked beneficial results. The stalks of the buckwheat were thicker, the leaves 
larger, and darker green in color. With the addition of manganese, still further 
improvement in growth was noted. The plants were normal and characterized by 
a stiff, rigid stem structure. The addition of copper showed a detrimental effect. 
The plants were spindling and not normal in color. The application of iodine in 
addition to the others produced the most luxuriant growth. Fluorine offset the 
benefits of iodine and was apparently detrimental. 

Manganese consistently gave increased yields. The marked increased yields 
of buckwheat due to iodine should be further tested before any definite conclusions 
are drawn. The effects of copper and fluorine appeared detrimental, at least in 
the amounts added. 

The increased growth due to boron and zinc are not large enough to be very 
significent. 

To obtain further evidence that manganese is essential for plant, growth, 
buckwheat was grown in another set of cultures. Pot No. 1 contained quartz 
sand ; No. % quartz sand with 200 grams of kaolin impregnated with 20 grams of 
calcium hydroxide ; No. 3, quartz sand with 15 p. p. m. of manganese (as man- 
ganous chloride) added to the basal solution ; and No. 4, quartz sand with 30 p. p. 
m. of manganese. The kaolin was thoroughly mixed with the calcium hydroxide 
by standing in contact with excess of water for one day. Then carbon dioxide 
was passed into the solution until all the calcium hydroxide had changed to calcium 
carbonate. 

All the plants germinated well and no differences appeared m growth until 
about the eighth day. Then the plants treated with manganese, kaolin, and 
calcium hydroxide surpassed the control. The stalks of the latter were thicker and 
more rigid and the leaves larger and darker green in color. 

Somewhat later the plants treated with manganese slightly surpassed the 
plants in the quartz sand culture with kaolin and calcium hydroxide. The stems 
appeared somewhat thicker and the leaves larger and of a deeper green color. The 
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■nlants were also more rigid. However, the latter plants were no better than those 
with kaolin alone. The .light depressing effect from the n.e of calc, urn 
hydroxide with kaolin is either due to neutralization of t,)e slightly acidic property 
of the kaolin or to the fixation of manganese m diflicultly aolubk > W ^ Iho 
weights of plants produced with these treatments are given m l-ble VIII, and the 

treneral appearance is shown in Plate XXVII, fig. 2. 

The roots produced where manganese was added were as extensive as where 

kaolin was added 


Table VIII. 



.Effects of manganese on the growth of buckwheat in quartz sand cultures. 


Pot 

No. 

Treatment 

Weight of dry 
tops" in grams, 
ave. of two 

Weight of dry 
roots in grams, 
ave. of two 

1 

Control . . * * • * * * 

4*54 

0*20 

2 

200 grains kaolin j plus 20 grains calcium hydroxide « . 

8*10 

0*76 

3 

0*0X5 gram manganous chloride • 

8*15 

0*67 

4 

0*030 gram manganous chloride ..... 

9*40 

0*75 


Influence of limestone with kaolin on plant growth. 

In another experiment, crushed limestone was employed to see whether it 
would decrease the growth oi buekwheat by neutralizing the acidic property o 
kaolin. In this experiments, alfalfa and buckwheat were grown. The following 
treatments were provided in duplicate, viz., quartz sand, quartz sand and *6 grams 

of crushed limestone, and quartz sand with 200 grams of kaolin and 16 grams o 
crushed limestone. To all of them the regular amount of basal nutrient solution 

w<&8 added. i j i 1 * 1^1 

In about 5 days, the leaves of the alfalfa with the quartz sand and kaolin had 

a deeper green, color and were also broader. The difierence in growth became 
neater as time went on. With the crushed limestone treatment there was no im- 
provement over the control. At the time of harvest it was noticed that the nodule.-, 
were plentiful on the roots of alfalfa where kaolin was used, but there were none 
present where quartz sand or crushed limestone was employed. Since the crop was 
not inoculated, the bacteria were undoubtedly carried by the seed. Table IX gives 
the weights of the top3 and roots. 




NEGLECTED SOIL FACTORS IN PLANT GROWTH 327 

Table IX. 

Effect of the addition of limestone and kaolin on the growth of alfalfa. 


Treatment 


Weights of dry Weights of dry 
tops in grams, roots in grams, 
ave. of two ave. of two 


Control . ........ 2*00 1*25 

16 grams crashed limestone ....... 1*50 0*75 

200 grams kaolin and 16 grams crushed limestone .... 4*06 2*50 

With the buckwheat similar results were obtained as in the case of alfalfa, the 
crushed limestone did not depress the growth of the buckwheat grown on the quartz 
sand culture with kaolin. The plants were dark green and rigid, with long inter- 
nodes. The control plants w T ere spindling and of light green color. Pot No. 2, with 
the addition of crushed limestone to the quartz sand, was somewhat better than the 
control, but not nearly as good as the one with kaolin. The weights of the tops 
and roots are given in Table X. 

Table X, 

Effect of the addition of limestone on the growth of buckwheat. 


Pot 

Ho. 

Treatment 

Weight of dry 
tops in grams, 
ave. of two 

Weight of dry 
! roots in gram 
ave. of two 

'1 

! Control . * 

3*3 

'0*27 

2 

16 grams crushed limestone . . . 

5*76 

0*42 

3 

200 grams kaolin and 16 grams crushed limestone 

9*05 

0*78 


Combined influence of kaolin and manganese on plant growth . 

To ascertain whether the addition of manganese would produce as good a crop 
as the addition of kaolin and also whether the addition of manganese with the 
kaolin is advantageous, buckwheat was grown in pots of 1-gallon capacity* One- 
half the amount of quartz sand as well as of the basal nutrient solution was used 
with the 2-gallon pots. To pot No. 1,0*015 gram of manganous chloride was 
and to pot No. 2,100 grams of kaolin and 0*015 gram of manganous chloride. 

For the first two weeks, there were no significant differences in height with the 
various treatments. Later, the 
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krger and darker green l th re<n ,i af basal solution bas provided condi- 

indicates flu* manganese added to the re^d „ „h,n kaolin i. 

aaaea. luait r o,med hr it produces no response, ihe 

S K °»rr f “^n“sui«tthat kaolin has some additional bmmficial efiec. 
on plant growtli aside from supplying manganese. 

Table XL 

Effect of manganese and Icaolm on quartz sand mkure of buckwheat. 


Treatment 


Weight of dry Weight oi : roots 
tops in grains, in grams., 
ave. of two ave. of two 


1 0 015 gram manganese 

. 3-97 0»430 

2 100 grams kaolin * • . • * 

, ,00 grama kaolin and O01S gram mwiganona chloride 354 

~ Table XI gives the weight. of plant fe.no produced. Thar, it no significant 

difference in weiglit of roots produced. , 

No experimental work wae done to study the effect ot the coltadal property o 
kaolin on plant growth in quart* sand cultures. From work done m tins field rt 
seems hijdy improbable that the beneficial effect of kaohn ,s due to physical 

influences. 

Discussion. 

The evidence obtained in the experiments indicates that some important soil 
factors are often neglected in growing plants in a synthetic culture medium. 
The foregoing experimental evidence, as well as that of Mcilaigue and feommei 
and of Lipman and others, indicates that normal plants cannot be produced m a 

culture medium which contains only the usual 10 elements. . 

From the results obtained in the preceding experiments it is evident that 
marked improvements in plant growth may be obtained with manganese. What role 
i‘ lavs in the nutr ition of the plant is not known. McHargue has assigned the 
role of a catalyst to manganese, and thinks it is connected with the formation of 
ehlorophyl. Others maintain that it acts as an oxidizing agent in the soil 
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solution, destroying toxic organic material. The writer noticed that the leaves 
were darker in color and the roots better developed where manganese was added 
to the regular basal solution. Where kaolin was added, it is probable that the 
deficiency of manganese was met to a certain extent. Even in the washed kaolin 
there were 20 p. p. m. of manganese. 

Iodine gave marked beneficial effects on plant growth in quartz sand cultures. 
The number of cultures employed was not sufficient to allow the drawing of final 
- ^ conclusions as regards iodine. Aluminum also gave beneficial effects, and boron 

and zinc to a lesser extent. Copper and fluorine did not improve the growth of 
crops in quartz sand cultures. , 

From the work presented it appears that kaolin has a two-fold effect on the 
growth of plants. Judging from the marked improved root development with 
kaolin it seems that it has a very beneficial effect on the roots. It is possible that 
toxic effects from the decomposition of root hairs and root caps may be lessened or 
prevented by kaolin. If the toxins were basic in character, they could betaken up 
by the kaolin, since it is usually slightly acidic and in this way the amount of toxin 
in solution at any one time would be greatly lessened. In other words, the kaolin 
might act as a buffer against toxic material. 

^ Summary. 

The object of this study was to investigate some of the neglected soil factors in 
plant growth. It was observed in preliminary tests that when kaolin was added to 
the usual sand cultures better plant growth was obtained. As regards the factors 
involved, there appeared to be at least three possibilities, viz., (a) that kaolin 
contains as impurities small amounts of elements other than the usual 10 which 
stimulate plant growth ; (b) that the acidic property of kaolin in some manner 
benefits plant growth, possibly by combining with toxic material of a basic nature ; 
and (e) that the colloidal property affects plant growth through physical means. 
Only the first two factors were studied. 

Synthetic sand cultures with basal nutrient solutions, containing the usual 10 
nutrient elements were used. The work was carried on in the greenhouse under 
controlled conditions. 

For the study of the influence of the addition of kaolin and soil to quartz 
sand cultures with the regular basal solutions, alfalfa, buckwheat, oats, and corn 
were chosen as test crops. With these crops, the kaolin materially increased the 
growth of the tops and usually also that of the roots. The plants in the control 
cultures 'were often spindling and pale green in color, while those grown in the 
quartz sand with kaolin had a thick rigid stem and were dark green in color. The 
leaves were also considerably larger in size. Miami silt loam had a favorable 
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effect like kaolin only in the case of buckwheat. With the other crops fixatio 
of phosphate by the soil may have made phosphorus a limiting factor. 

P In a test with buckwheat, acid-washed kaolin gave the same results as the 
unwashed material. There still remained some 20 p- P . m. of manganese m this 

ta ° 1 Lttnent of the baaal nwti-ient solution with soil and kaolin was detrimontal 
in the case of soil but somewhat beneficial in tl,e case of kaolm. Treatment of the 
distilled water used for watering with soil and kaolin was also detamental m the 

rase of soil and beneficial in the case of kaolin. x 

Boron zinc, aluminum, manganese, copper, iodine and fluorine were the 
additional elements added to quartz sand cultures besides those _ in re f ” 
basal solution. Manganese consistently gave favorable results with buckwheat. 
Boron, zinc, aluminum, and iodine seemed beneficial, whereas copper and fluorine 

wave no apparent increased growth. _ _ ' ,, 

* The US e of calcium hydroxide with kaolin had a slight depressing effect on the 

growth of buckwheat compared to kaolin alone, apparently due to the neutrali- 
zation of the slightly acidic property of kaolin. However, when crushed limes one 
was used instead of calcium hydroxide, no depressing effects were observed. 

Kaolin produced somewhat more benefit than manganese. The addition of 
manganese with kaolin produced no more benefit than kaolin alone. The resul s 
indicate that kaolin has some additional beneficial effect on plant growth asi t, 

^“t^S that kaolin, as ordinarily found, is beneficial to plant 

growth. Impurities in the kaolin, such as manganese, seem to account partially 
for the benefit. Whether or not the kaolin carries manganese m an especially 
suitable form for plants is not known. The slightly acidic nature oikaolm may 
account partially for its beneficial effect. 

The results "of this investigation support those of others tha - manganese niic. 
iodine are essential for the best plant growth. 
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THE ACTION OP TOXIC AGENTS USED IN THE HEAD IGA- 
TION OP NOXIOUS PLANTS 1 

BY 

R. B. HARVEY 2 
(With Plates XXVIII & XXIX.) 

[Reprinted from the Journal of the American Society of Agronomy, Volume 23, number G, Juno, 1931.] 

The substances now used for killing noxious weeds and shrubs may be classified 
on the basis of their type of toxic action as follows : First, substances which by 
their osmotic action plasmolyze cells and prevent plants which are treated with 
them from obtaining water. An example of such substances is common salt. A 
second class includes those substances, such as hydrocarbons, which by their 
physical action dissolve or dilute protoplasmic constituents and disorganize the 
cell by changing its permeability and other physical properties. A third type 
includes the protoplasmic poisons which stop the action of enzymes, coagulate 
protein, or combine with other constituents of the protoplasm. Examples of this 
class are mercuric chloride, cyanides, copper salts, ferrous sulphate, etc. Recent 
work of the author indicates that this is a type of action exhibited by certain 
substances which react with the respiratory pigments of plants and interfere with 
the oxidation-reduction balance in cells. An example of this class is sulfur dioxide, 
which causes the reduction of respiratory pigments so that they can no longer 
function. Other agents of this type will be discussed later. All of these types 
may be shown by a substance, the main action being that which comes to expression 
at the lowest concentrations. For instance, mercuric chloride has an osmotic 
action, but this does not come into effect generally because the effect of the 
mercuric ion as a coagulant of proteins occurs at much lower concentrations. 

To use the osmotic action for killing plants requires that the concentration of 
the solution shall be rather high, at least higher than the osmotic concentration of 
the cells of the plant to be killed. The usual range of osmotic pressure in plants is 
from 5 to 20 atmospheres, but osmotic concentrations of some halophytes may be as 
high as 161 atmospheres. Dry seeds may be able to imbibe water against a force 


1 Contribution from the Division of Plant Pathology and Botany, Minnesota Agricultural Experiment 
Station, St. Paul, Minn. Published with the approval of the Director as Jumna! Series Paper 
No. 990. Received for publication January 7, 1931. 

3 Associate Plant Physiologist. 
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of nearly 1,000 atmospheres of osmotic pressure. Large quantities of the plasmoly- 
zing agent are required to kill, and to he useful for an eradicant the substance must 

be very inexpensive,. _ _ . , 

The use of pure saturated hydrocarbons, gasoline, or oils to. eliminate plan < 
pests is dependent upon penetration and conduction into the plant in concentrations 
sufficient to kill. The plant cell is principally water, and to have more than a local 
action the hydrocarbons must either be soluble in water or penetrate in the gaseous 

condition. . . , 

Of the protoplasmic poisons, those which coagulate proteins, such as salts ol 

the heavy metals, are quite effective for use on thin layers of tissues, such as leaves, 
but where masses of tissue are concerned their action as protein coagulants prevents 
their penetration deep into the tissue. A considerable quantity of salts, of the 
heavy metals is required because the metallic ions are combined with and precipitated, 
by the proteins. Also, salts of the heavy metals are held by the soil and may have 

a lasting effect on soil fertility. . . , , 

The substances which act by disarrangement of the oxidation-reduction system 
of cells seem to be of two types. First are those, like sulfur dioxide, which are 
strongly reducing subtances which reduce the oxygen acceptors of tissues so that 
they arc unable to combine with oxygen. Tissues treated with sulfur dioxide do 
not turn darker on exposure to air. The respiratory chromogens evidently are 
reduced to such a state that they no longer serve as carriers of oxygen, lhe otie.r 
type of action is that shown by chlorates and ethylene oxide. The tissues turn 
black and the cells die. Evidently the respiratory chromogens are so completely 
oxidized that they cannot function. They are oxidized to the pigment forms pecu- 
liar to each tissue. Thus, the leaves, bark, and young woody tissues of popple turn 
black after treatment with solutions of ethylene oxide and of sodium chlora e. « 
tissues quickly die, and the extent of the killing can be judged by the blackening 

of the tissues. . ,, . , , +1 ,„ 

The quantity of respiratory chromogens present in cells is not great, so tk 

quantity of toxic agent required to upset the oxidation-reduction conditions o the 
cell is not great. The use of chlorates on Canadian thistle (Cncmm Armise) has 
shown the blackening of leaves and stems within 48 hours alter spraying chlora «b 
upon them. The roots of leafy spurge [Euphorbia esula) turn black on treatmen 

- «*• of ft "T 

and vegetables and the blanching of celery by means of ethylene gas ethyieneoxice 
2 3 as a ripening agent. On September 10, bananas treated with ethy ene 
oxide 1 part in 1,000 parts of air, did not ripen but turned black veiyquic , y 

The sldns were very black in 24 hours after treatment, and the ffesh was blackened 


IS I 
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along the vascular tracts. The use of ethylene oxide as a ripening agent was 
abandoned. In October, 1024, trial was made of the toxic effects of ethylene oxide 
on animals. A rooster was placed in an atmosphere containing ethylene oxide, and 
the concentration was gradually increased in the chamber until the rooster seemed 
to be anaesthetized. Then he was brought out into open air. His comb turned 
very dark in color and he died. The toxic effect of ethylene oxide was evident. 

Ethylene oxide was tried also for its use in breaking the dormancy of potato 
tubers. All tubers treated with ethylene oxide turned black and the tissue was 
killed. The use of ethylene oxide to break dormancy was abandoned \ 

Among a large number of substances 'which were tried for their effectiveness in 
the eradication of noxious weed., it was decided to include ethylene oxide. On 
December 10, 1929, a pan of quack grass was treated with a 10 per cent, solution 
of ethylene oxide in water, using 300 cc of this dilution in a galvanized iron pan 10 
inches wide, 12 inches long, and 4 inches deep, filled with quack grass sod. The 
rhizomes were all killed, but on February 10 it was noticed that quack grass seed 
and weed seeds had sprouted in the same soil. This indicated that ethylene oxide 
was an effective killing agent, but that its effect was not lasting in the treated 
soil. 

On April 19, 1930, barberry bushes growing on the grounds of the State Agri- 
cultural Society were treated with ethylene oxide, pouring liquid from a graduated 
cylinder into hole made beneath the bush. One bush with eight stems about 3 
feet high was given 30 cc of ethylene oxide. The crown of this bush was 6 inches 
from a Crataegus tree. On June 18 all but two sprouts nearest the Crataegus were 
dead, while the Crataegus tree was uninjured. A smaller bush with four shoots 2 feet 
high was also given 30 cc on April 19. A Crataegus tree was 1 foot away from the 
bush. On June 18 both the barberry and the Crataegus were killed. Evidently 
the placing of the charge determined the range of the killing area. 

Various devices were then tried for injecting the ethylene oxide into the soil 
and for measuring the dose. On August 12 a group of 16 large barberries was 
found at Afton, Minnesota, and was treated with ethylene oxide and diethylene 
oxide, measuring different doses into holes made by a rod under the bushes. On 
one bush in this group, which was given 0*4 kilo of a mixture of 500 cc of ethylene 
oxide with 4,500 cc of water, only the young stems and some leaves were dead and 
blackened August 19. On September 17 all of the leaves on this plant were dead 
except those on a single branch opposite the point of injection of the ethylene oxide. 
These were browned and reddened along the veins, evidently due to the production 
of anthocyanins. A second bush showed some green leaves on one side. Seven 
other bushes in this group were all dead on September 17. The cambium and inner 


1 This was reported in a paper by Bacha and Harvey in Plant Physiology, 2 ; 187 — 193, 1927. 
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bark and younger 'wood were blackened, as shown in Plate XXVIII, fig. 1. The 
leaves also blacken when the dose is large enough to kill (Plate XXIX, fig. 2). 

The barberry eradication campaign and the campaigns for the control of white 
pine blister rust through the eradication of currants and gooseberries have shown 
the need of a chemical substance with high toxicity to the noxious plants yet which 
will have no lasting detrimental effect on the soil. Ethylene oxide seems to be 
such a substance. The practice of digging out barberry bushes leaves a possibility 
of sprouts being produced from pieces of roots not removed in the digging. The use 
of common salt is a more desirable practice from the standpoint of the labor 
involved and the effectiveness of the killing agent. For use in pastures this method 
may have some objection. The use of chlorates, arsenates, etc., is excluded in 
pastures where cattle may be poisoned. 

By the use of a rod, ethylene oxide can be introduced into the soil beneath 
bushes or into layers of soil below the plow sole. A “depth charge” can be 
regulated to certain levels of roots in the soil. The materials so injected are not 
accessible to animals. Ethylene oxide is liquid at ordinary temperatures at 
pressures between 8 and 20 pounds per square inch. This gives pressure sufficient 
to drive it into the soil directly from the tank. A special measuring device fitted 
to an injecting rod has been devised, which has been called a “ gopher stick ”. 

The ethylene oxide is volatile enough to allow a quick spread through the soil. 
A relatively short period of its effect in the soil is indicated by results so far 
obtained. It is soluble in water, and dilutions with ice cold water can be made 
with little loss when it is desired to use a water dilution or a mixture with other 
toxic agents. Dilutions can be handled in the usual knapsack sprayer, with a 
“ gopher stick ” (Plate XXIX, fig. 1) in place of the spray nozzle. Mixtures with 
chlorates or formaldehyde can be used without chemical reaction destroying the 
toxicity. 

The use of ethylene oxide alone and in water solution to date has been shown 
by the killing of several hundred bushes of barberry, currant, gooseberry, poison 
ivy, prickly ash, scrub oaks, popple, boxelder, etc. The size of the charge of dose 
must be adjusted to the bush to be eradicated. Determinations have been made on 
the charge required in different types of soils and with various soil moisture 
contents. Indications are that at the present price of ethylene oxide the cost of 
materials is about the same as for eradication by common salt, while the labor is 
considerably reduced. 

The practical applications of ethylene oxide under various conditions have 
shown that the action can be localized so as to kill roots which lie deep in the soil 
without killing plants whose roots are shallow. By placing a depth charge of the 
ethylene oxide 18 inches below the surface near roots of fcaibeny. it has been 
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possible to kill the bushes without killing grass around them There may he some 
disadvantage in not killing seedling barberries just startmg beneath the bushes^ 

For shallow-rooted shrubs, such as hazel bush, it is desirable to put the charge 
beneath the mat of roots to decrease the loss of the ethylene oxide from the soil. 
Perhaps ethylene oxide will not prove effective as an eradicating agent for shallow- 
rooted weeds, such as quack grass, on account of its rapid diffusion from the soi . 
When sprinkled in water dilutions onto quack grass sod, little killing effect is shown. 
Higher members of the oxides of unsaturated hydrocarbons, such as propylene and 
butylene oxides, have a decreased volatility and may be more useful for this 

PUrP I)Tethylene oxide is less volatile than ethylene oxide, hut comparative tests 
run under the same conditions show the diethylene oxide to he not injurious to 
plants treated with quantities such as were found lethal m the use of ethylene 

0X ide 

Propylene oxide (b. p. 35°C) is less volatile than ethylene oxide (b. p. 10* 5°C). 
This may decrease its penetration through the soil as a gas. Propylene oxide is 
soluble in water and may move with the soil water and he absorbed by the roots. 
Propylene oxide has been applied to potted barberries and other plants and on a 
few plants in the field. In the field trials evidently the concentrations were too 
low to give observable effects, but in the greenhouse pot experiments the toxic 

doses show injury of the same nature as ethylene oxide and at approximately the 

same doses Plate XXVIII. fig. 2 shows the effect of graduated doses of propylene 
oxide in killing barberries. The tissues of the cambium are blackened and the 
leaves show reddening or blackening and then drop off much as m the treatment 

Flats IS x 16‘4 inches were filled with moist soil, and to each was added 
100 cc of ethylene oxide or propylene oxide dissolved m water. Dry seeds of 
wheat, peas, radish, corn, and oats were planted in these fiats on the same day that 
oxides were applied and on the second, third, and fourth days after. Seeds planted 
on the first day were nearly all killed by both ethylene oxide and propylene oxide. 
There was injury to those planted on the second and third day after treatment, but 
those planted on the fourth day gave normal seedlings. On account of the shallow- 
ness of the layer of soil, it will he necessary to try out the treatment under field 
with varimiK crons before conclusive data can be obtained, but the 
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first a chlorination of the un saturated hydrocarbons in water to produce ethylene 
or propylene ehlorhydrin. On treatment with alkali, the ehlorhydrin yields the 
corresponding oxide. The chlorine and alkali are easily produced from common, 
salt by electrolysis. The availability of cheap electrical power, as at Muscle Shoals, 
near a supply of waste unsaturated hydrocarbons, as in West Virginia, should make 
these oxides inexpensive. Their toxicity in low concentrations seems to open up 
possibilities for them in the general eradication of the more noxious deep-rooted 
weeds. The ease of handling these oxides is much greater than for /common salt or 
the chlorates. This is of especial advantage in woods or rough country where the 
materials must be carried. A man can carry easily the 17-pound cylinder (total 
weight, 40 pounds) in an army pack sack. This is enough to treat more than a 
hundred bushes of barberry or gooseberry. 

The action of these oxides seems to be upon the respiratory mechanism of cells. 
Treatment of tissues with ethylene or propylene oxide decreases catalase and 
oxidase activity. The blackening of the tissues is evidence of the oxidation of the 
respiratory chromogens. 

Summary. 

Ethylene and propylene oxides were found to be useful eradi cants for noxious 
plants. They offer advantages over present methods in ease of handling, in 
toxicity in small concentrations, and in rapid release from, the soil, thereby decreas- 
ing the time of unproductivity in comparison with chlorates and chlorides. 
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Forest soil and vegetation in the Hlaing Forest Circle, Burma. A. H. M. Baetungton. 

(Burma Forest Bulletin No. 

Fifty-three plots were chosen for experimental purposes, thesize of plots being determined by 
the height of trees growing on them. A botanical census was made and soil samples analysed. The 
object of the investigation was to explain the distribution and range of growth of the more impor- 
tant trees in relation to the soil on which they occur, since planting must now he earned out on so 
other than those which grew the same species well previously. A so there is evidence from both 
Madras and Burma that teak does not grow well on old teak plantation^ 

The limits of the Hlaing Circle fall between Latitude lb 20—19 oO and Longitude 9o 10 

96°25\ Rainfall varies from about 30in. per annum in the north to over 100 m. per annum m the 
south. The area of reserved forest is 2,043 square miles. Plantations amount to 103 square miles 

and annually increase hy more than 2 square miles. . . , , ,, , fl 

From the mechanical analysis figures, utilizing the higher size limits, was calculated a figme 
called the texture index number and from the sticky point moisture determinations a round figure 
of 16 per cent, was deducted, the remaining moisture being regarded as codoidully held water. 
Classification was chiefly on a space diagram from these determinations hut m addition the distribu- 
tion of species appears to he related to the exchangeable base content of the soils. _ 

Best forest growth always occurs on new or immature soils as soils . deteriorate as they 
mature. Indaing ( Dipteroearpetum tubereulati ) soils exhibit some characteristics of a podsol while 
it appears that in this area the lateritic soils only approach lateritites. _ 

The upper 3"-4" of soil determines the predominance of Indaing which grows on the lightest soils 
irrespective of rainfall. Regeneration ceases if the light surface soil is lost or if floods deposit clay 

on the surface and Indaing may therefore be left stranded on a non-typical soil it it has become 

established before this occurs Usually these soils are faintly acid. _ 

Teak is dominant on soils closely allied to Indaing and frequently occurs growing well on soils 

devoid of free carbonates. n 

Inaryin (Pentacme suavis) soils form a compact group in winch the texture index usually 
diminishes with depth. In calcareous scrub the replaceable bases are excessively high (under light 

rainfall). n , , , . 

Teak on medium soils appears to grow excellently without free carbonates while its presence in 
laterites also shows its independence of carbonates. It is probably only on the stiller soils where 

carbonates are necessary. , . . 

Xylia laterite is common north of Rangoon and appears to he derived from Rangoon lateritite 

by erosion. 

The best teak soils have the relationship : 

Texture Index No. =3-6+ (0-5x Colloidally held H.O). Planting of teak (if policy permits) 
should he governed by the following considerations 

(1) Teak will not , survive to maturity on heavy soils unless these are calcareous. 

(2) First rate growth may he expected in good kyathaung (Bambusa polymorpha) forest, on 

well drained alluvium where the texture is not too heavy and on heavy calcareous 
soils in dry mixed forest. 

(3) Second or third class plantations can he formed in dry mixed forest on the lighter soils 

whether these are calcareous or not. 
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(4) Third rate plantations can be formed on Bangoon lateritite, alluvial sands derived from 

Tndaing soils and local deposits of clay over sand. 

(5) Only stunted teak can be expected on Indaing and Ingyin soils on the one hand and heavy 

calcareous scrub soils on the other. 

Pyinkado (Xylia dolabriformis) has often been planted on soils considered too heavy for teak. 
There is reason to think this is a mistake. Pyinkado appears to avoid calcareous soils. It is likely 
to grow as well as teak on Bangoon lateritite soils but its real habitat is in the climax moist 
deciduous forest. 

Taukkyan (Terminalia tomentosa) is dominant on calcareous scrub, on one dry deciduous 
medium, on one alluvial lower mixed, on one Ingyin and on three moist deciduous forest soils. It 
is a wide-spread species but is probably excluded from the best soils by teak and pyinkado. It is 
characteristic of heavy soils, calcareous or not but grows after a fashion on Indaing sands and dry 
dipteroearp soils generally. There is no question of planting at present values. [J. C.] 


A Cytologieal Study o! the Genus Sorghum Pers . 1® The Somatic Chromosomes* 

0. Leonard Hoskins and Stanley 6. Smith. 

[Journal of Genetics, Yol. 25, No. 2, February 1932.] 

This study was undertaken at the request of the Director cf the Royal Botanical Gardens, Kew, 
and was intended as a preliminary to the formulation of ceiiain economic breeding plans and as a 
possible corollary to Dr. Stapfs system of classification. The somatic chromosome number of 
Johnson grass, S. halepense is 40. Pive wild sorghums, viz., S. virgatum, 8. vertfciti forum, S. 
voge/i mum, S. lanceolatum , S. arundinaceum and the cultivated grass 8. sudanense , all have 20 
chromosomes as have the fifteen “grain” sorghums examined. One peculiar-shaped chromo- 
some can be identified in all the species ; it is present in duplicate in 8. halepense only. 
Thus the eytological observations are in accord with the discovery by Yinall [1926] that crosses 
between Johnson grass and the annual sorghum can be made only with great difficulty, yielding 
almost sterile progeny, whereas the wild annual sorghums cross freely with the large annual grain 
sorghums. The morphological differences in the chromosome sets of the different sub-species of 
cultivated sorghums, though small, appear to be sufficiently definite for purposes of classification. 
Chromosome doubling occurs in the root tissues and, if occurs or can be caused to occur in the stem, 
it should be possible to obtain hybrid polyploid strains for economic purposes. [B. C. B.] 



NOTES. 

NEW INTERNATIONAL SYMBOLS FOR THE MAPPING OF 

LOCUSTS. 

“ The International Institute of Agriculture, Rome, has issued the proceedings 
of. an international conference held at Rome on 28th September to 1st October 
1931 for the study of the migratory locust problem. The Conference which was 
purely scientific and technical recommended the adoption of a uniform set of 
symbols to facilitate the mapping of locust movements ; it further recommends 
that alt locust reports should he accompanied by maps and that the following 

symbols should be used. _ . * 

1. Flying swarms in a known direction, date and approximate dimensions 

to be shown on the sides of the arrow. 

2. Flying swarms direction not reported L 

3. A stationary swarm, i.e., a swarm that has alighted • 

4. A swarm which alighted and subsequently left in a know n direction . 

5. A swarm which came from a known direction and alighted t 

6. A disturbed flying swarm (circling) ^ 

7. A swarm which lays ..... • • • ^ 

8. Eggs laid (place) ' ‘ * m 

9. Larvae Number stages where possible . ® 

Typical solitary phase 


Colours to be used for fliers owly. 

A. Rose-coloured adults • 

B. Brown — Red „ 

C. Yellow adults ...... 

Colour not reported 


Red T or i 
Green 
Blue 
Black 




THE INTERNATIONAL YEAR BOOK OE AGRICULTURAL 

STATISTICS. 

The International Institute of Agriculture at Rome has recently published the 
1930-31 edition of the “ International Yearbook of Agricultural Statistics"'’. 

This volume of 830 pages is the result of the most extensive and detailed inquiry 
made in the domain of international agricultural statistics and constitutes a work of 
the greatest importance to all those who are interested in questions having a direct 
or indirect relation to production and commerce of agricultural products. 

In the first part of the Yearbook are classified the figures for area and popula- 
tion in the years nearest to 1913 and 1930 for 220 countries : the presentation of 
these figures throws light upon the world, situation from the geographical, political 
and demographical points of view during both the pre-war and post-war periods. The 
second part is composed of a series of tables comprising for nearly 50 countries the 
available data concerning the uses for which the total area is employed, the 
appointment of cultivated areas between the different crops, agricultural production, 
numbers of the different kinds of li vestock and the products derived from them. In 
the tables constituting the third part of the volume, have been indicated for nearly 
40 agricultural products, the area, production and yield per acre in each country 
during the last five years of the pre-war period and during each of the years from 
1927 to 1930. 

For each kind of livestock all available figures in the different countries have 
been grouped for the years 1913 and 1926 to 1930. A large part of the volume is 
devoted to statistics of the commercial movement of 42 vegetable products and 12 
products of animal origin. The figures published relate to the imports and. exports 
during the calendar years and for the cereals also during the commercial seasons. 

It may be added that the tables of production and commerce not only specify 
details for each country but also the totals for the different continents and hemispheres 
and for the whole world, allowing the formation of a general idea of the changes 
taking place during the periods under consideration in the area under each crop, 
quantities harvested and the commercial movement in each product. 

The part devoted to prices contains the weekly quotations of 25 agricultural 
products on the principal world markets for the year 1913 and for the period 
January 1927 to July 1931. In the freights section will be found the quotations 
for the transport of wheat, maize and rice on the most important shipping routes, 
and in the section reserved for fertilizers and chemical products useful in 
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agriculture are published statistics of production, trade and prices for 15 products. 
In the rates of exchange section are set out the rates on the New York exchange for 
the most important currencies and in the Appendix have been brought together 
special chapters on the importance and distribution of the agricultural population, 
the distribution of agricultural holdings according to their size and mode of tenure 
and forestry. 

The volume has also been enriched by a long introduction and a chapter of 
explanatory notes. 


THE IMPERIAL BUREAU OE SOIL SCIENCE. 

The Imperial Bureau of Soil Science issues two regular sets of publications, 
viz: — (1) Technical Communications ” (printed or duplicated) dealing with some 
particular aspect of soil science ; about six of these are issued annually the prices 
ranging from 6d; to 2s. (2) - c Publications relating to soils and fertilizers (duplica- 
ted), consisting of expended titles of all papers noted at the Bureau including not 
only the papers received at Rothamsted, but also those received at other scientific, 
agricultural and forest libraries to which the Bureau lias access. This publication is 
issued monthly, price 10s. per annum. 


REVIEW 



Official and Tentative Methods ol Analysis. Published by the Association of 
Official Agricultural Chemists (Washington) Third edition, 1930. 

The Association of Official Agricultural Chemists, U. S. A., has just published 
the 3rd edition of “ Official and Tentative Methods of Analysis of the Association of 
Official Agricultural Chemists The first edition was issued in 1920, the second in 
1925 and the third is dated December 31st, 1930. The features of the new edition 
are the inclusion of new methods — both tentative and official — and a re-grouping 
of the subject matter in two divisions, viz., non-foods and foods. New chapters on 
caustic poisons, naval stores, paints, radio-activity and egg products indicate the 
ever-growing scope of the Association’s work. 

Whatever views may be held as to the exact value of 1 official ’ methods of 
analysis, a point on which there is a sharp division of opinion amongst chemists, or 
of the value and universal applicability of some of the methods described, no one 
will deny that standard methods are a necessity in connection with the day-to-day 
administration of Fertilizer Acts and Foods and Drugs Act. Hence this book is of 
the greatest value to every analyst and to every agricultural chemist ; for every 
method described bas undergone careful testing on a prescribed system before its 
inclusion either as an “official” or “tentative ” method. 

As in previous editions, methods of analysis of foodstuffs and drugs occupy 
by far the greater portion of the volume and this section is much more thoroughly 
dealt with than the chapters dealing with soils and fertilizers. Many readers will 
find strange the appearance in the contents page of skeleton-numbered chapter 
headings relating to “ Sewage, Agricultural Dust, Fibres, Paper and paper material, 
Fish and other Marine products, Nuts and nut-products, Vitamins. Bacteriological 
methods and Micro-chemical methods ” without there being any reading matter on 
these subjects. A foot-note explains that these headings indicate new activities 
which the Association has begun or is planning to undertake. The chapter on the 
analysis of soils is extremely sketchy, and agricultural chemists will not find the 
book of much use in this respect. Fortunately the work of the International 
Society of Soil Science bids fair to place soil analysis on a sound basis. The chapter 
on fertilizers is better but far less thorough than would have been expected. [B.G.B.] 
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I. — INTRODUCTION. 

India is the second largest tobacco growing country in the world. In 1927 
the estimated total production of the crop in India was 1000 million pounds of 
which 970 million pounds was used up in the country itself [Imperial Economic 
Committee Report, 1928]. With such a large home market and a surplus for 
export it is evident that tobacco in India is an important and paying agricultural 
crop. 
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• f +!»■> nrovinces in the production of this crop is shown 

The«Wive.mportenceot top.o ^ ^ Wncilial Crops in India 

in the following table (Estimates J 

1929 - 30 ). — —T 


Province 


Area in 5,000 acres ivera^e 

_ — in 1,000 

1921 1922 1923 1924 1925 1926 1927 1928 1929 1930 acre3 


Madras 


Bombay ( including Find) 


United Provinces 
Punjab • 

Burma * 

Bihar and Orissa 

Central Provinces and Berar . 


201 203 214 220 265 244 232 276 255 257 

US 120 102 105 122 122 100 124 153 161 

258 298 209 288 280 293 295 290 291 295 

5g 89 89 72 73 79 75 72 81 101 

40 90 56 62 54. 71 62 73 64 59 

101 86 111 119 HO 86 101 118 114 117 

117 118 119 117 U3 132 137 147 146 142 

,16 24 24 20 18 17 17 19 18 14 

10 11 9 0 0 0 9 10 10 10 

.. .. 11 10 


135 201 201 159 140 155 110 506 99 81 

23 22 24 26 27 31 26 18 26 22 

28 31 34 28 30 27 27 22 40 j 45 


N.-W. F. Province - • • * ' 

1 1 1 1 1 1 1 1 1 1 1 °° 

Delhi « S I , >xn.eu\ 

135 201 201 169 140 155 110 505 99 81 L>9 

H,d ” w ' ; ; : ; * 22 « * =7 * » » » » 

Ml ““ ;s SI 34 It » S3 « 22 " ® ,1 "’“ 

Baroda • 

From the above table it appears ttet tobacco is grrnii i«orc« l«e »« "™ 
the country tat the province, of Mata, Bombay, Bengal, Bn ” * h ‘ Ul 
Ota alone give seventy-five per cent, of the total product™ of ftc crop. ^ 
In Madras, Guntur is the greatest tobacco producing dlbt _ V , 
here being highly retentive of moisture, tobacco is grown purely as a < y • P- 
r % ii i extensively grown in the districts of Kaira and Belgaum. At 

iLa'ri is grown on light Bandy or moderately olay loan.., both witt and ^wrlhout 

irrigation. At Belgaum it is grown entirely as a dry crop on black or roddish 
1 1 *1 lend ilon« the river Kistna. In Bengal the largest area centres i . 

Idy llr along the banks of Tista river. The crop i^own 

on irrigation from temporary wells sunk in the field. In Bum , 

vated on the riverine areas, i.e., on land which during certain months ot the year 

i6 under Hood water, from the Irrawady or other rivers. Tins > ««*« mrnny 
of island, in the river or a narrow strip ol land on over tanks. In Btha. very 
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large area is cultivated in Muzaffarpui and Darbhanga districts on light sandy 
loams. As the soil is very retentive of moisture it is grown as a dry crop. 

It appears that tobacco was introduced into India about the year 1605 [Watt] 
and the earliest experiments recorded with this crop date as far back as 1786 
[O'Connor, 1873]. The so-called indigenous varieties of tobacco appear to have 
originated through crossing and inter-crossing among the types that have been 
introduced into India from time to time and by the selective influence of widely 
varying soil and climatic conditions on heterozygous types and hybrids. 

In India two species of tobacco, viz., Nicotiana rustica L. [Howard and 
Howard, 1910.1], yellow flowered, and Nicotiana labcmm L. [Howard and 
Howard, 1910, 2], pink .flowered, are generally grown. In the Government official 
returns no distinction is made between the two species, it is, therefore, difficult 
to know accurately the individual production of each species. Of these two species 
Nicotiana ruslim L. is widely cultivated in Bengal and up-country almost entirely 
for smoking in the country pipe (Hooka) and Nicotiana lahacim L. is grown practically 
all over India and supplies the major portion of the tobacco of commerce. 

A previous publication [Howard and Howard, 1910, 2] deals with fifty-one 
different types of Nicotiana tabacum L., which were isolated from a large collection 
of Indian types growing on the Pusa Farm in 1907. The inheritance of characters 
and the cultivation and curing of the crop have also been dealt with in subsequent 
papers which are listed in the bibliography attached to this article. The present 
paper describes another eighteen types numbered fifty-two to sixty-nine (Plates XXX 
to XXXV) which have been isolated recently from a collection of mixed samples 
of seeds, obtained in 1925 from the leading tobacco growing centres of the country. 

Localities from which the original samples of seeds were obtained and the 
types isolated from them are as follows : — 


Province 

Locality 

Types isolated at Pusa 

Madras . « . „ . . ; 

Coimbatore 

* 

« 


60, 61 

Bombay . 

Broach .. ' , 


• 

* 

53, 64 

Do. . . , . , 

Karra 



- 

m, 62, 65 

Do. . . . 

Belgaum 




1 66, 66 

Bengal ...... 

Bangpur 


* 


I 50, 68, 60 

Burma'' V, . ' # . 

Henzada 




67 

Bihar and Orissa „ " ■ > 

Darbhanga 




57, 58, 63 

Central India ..... 

Bhilsa . 

* 



" 62, 64 
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62, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63 

67 . 

64, 65, 66 ..... 

68 . * . 

69 • • .... 


1. Morphological characters. 

The chief morphological characters in which the isolated types differ are plant 
habit, shape of the leaves, inflorescence and flower. 

Habit — The differences in plant habit are generally caused by the length and 
number of internodes by the arrangement of inflorescence and by the leaves and 
their angle of insertion on the stem. The plants also differ in their heights and 
time of maturity. In classification of the types, internodes up to 2 cm. in length 
are classed as short, those above 2 cm. and up to 5 cm. as medium and those over 
5 cm. as long. 

Leaves. — The different forms of the typical leaves of the isolated types are as 
given below ; — 

Xype Nos. Forms of leaves 

52 , 53, 54, 55, 56, 57, 68, 59, 60, 61,62, 63 . . . Sessile, elliptical. 

67 # . . . . Sessile, ovate. 

64, 65, 66 . . . . . • - * • Sessile, lanceolate. 

0 % # , ... . . . Petiolate, lanceolate. 

fig . Petiolate, ovate. 

The leaf angles in types 53, 57, 58, 59, 60, 62, 65 and 68 are rather acute, whereas 
in all other types they are fairly obtuse which causes the leaves to stand out hori- 
zontally from the stem. 

Inflorescence. — In the majority of cases the inflorescence is open and well 
raised, whereas in types 62, 53, 54, 55, 62 and 67 it is rather inconspicuous and not 
much raised above the leaves. 

Flower.— The flower colour, excepting those of types 52 and 56, varies in 
shades of pink. The flower colour of the former is creamy white with a slight 
pinkish tinge and that of the latter is almost completely white. 

Calyx. — The relative lengths of the calyx and corolla do not vary much, practi- 
cally in ah the types the calyx is 1/3 the length of the corolla. 

Corolla. — In the majority of cases the orifice varies from 6 to 10 mm., only m 
type 67 it is 12 mm. in diameter. In types 56, 59, 60, 81 , 64 and 66 the 
transition between the tube and the dilated portion is gradual whereas in all other 
types it is abrupt. The limbs in types 52, 54, 64, 66, 67 and 69 are slightly divided 
but in all other types they are deeply divided. 

Capsule. — In types 65 and 66 the capsules are cylindrical ; in all other cases 
they are conical. 

Considering all the various characters in which the types differ, the leaf shape 
is considered the chief criterion for the main divisions in the classification with the 
plant habit next in importance. 
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2.— Key to tjie classification of the types. 


I. -— Leaves sessile •: — 

(a) Eilipfcical — 

Internodes short— 

Inflorescence rather inconspicuous — 

Plants very early, dwarf . 

Plants very early, medium in height • 

Plants early, rather medium in height 
Plants late, dwarf . . 

Inflorescence rather compact and slightly raised— 
Plants very early, dwarf . 

Inflorescence open and much raised — 

Plants early, tall 

Intemodes medium — 

Inflorescence open and well raised— 

Plants early, tall ...*•• 
Plants rather late, tall . 

Plants late, medium in height . 

Plants very late, tall 
Internodes long- 

inflorescence rather compact and not much raised — 
Plants early, tall . . . • ■ • 

Inflorescence open and well raised— 

Plants early, tall . . ... 

(h) Lanceolate— 

Intemodes medium— 

Inflorescence open and well raised — 

Plants very early, medium in height . 

Plants early, medium in height 
Plants early, tall . . • 

(c) Ovate — 

Intemodes long- 

inflorescence rather compact and not much raised— 
Plants late, tall 

II. Leaves petiolate : — 

(a) ’ Lanceolate — 

Intemodes short — 

Inflorescence open and well raised — 

Plants early, tall 

{b) Ovate— 

Intemodes long — 

Inflorescence open and well raised— 

Plants early, tall . . . 


Type 52 
Type 53 
Type 54 
Type 55 

Type 56 

Type 57 


Type 58 
Type 59 
Type 60 
Type 61 


Type 62 
Type 63 


Type 64 
Type 65 
Type 66 


Type 67 


Type 6S 


Type 69 


3. Description of the types . 

Type 52. -Hants very early, much dwarf, average height 60 cms., internodes 
short leaves borne at an equal distance on the stem. Leaves sessile, inserted at an 
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an «!e of 90°, amplexicaul, auriculate, deeurren t, decuirencj hwtd «J4Uc* 
r* ina narrowed very near tire base ; secondary veins arise at an angle of 00 apex 
acute ; margin wavy ; surface flat; colour dark green average length b) aw., 
ratio length /breadth 2’2- Inflorescence haves elliptical but smaller m size. 
florescence inconspicuous and not much raised above the loaves, side branches pow 
Is tall as the main axis. Flowers almost white with pinkish tinge, big, thickly 
arranged on short stalks. Calyx globular and much inflated less than - 3 the length 
of the corolla; teeth short and pointed. Corolla with an orifice of 0 mm. m 
diameter ; tube very broad; transition between the tube and dilated portion 
abrupt ; limb slightly divided with slight folds at the junction of he lobes ; lobe 
rounded at the base ; apical points short. Capsule conical, nearly t covered with 

the persistent calyx ; apex somewhat pointed. _ 

Anthers hurst before the flowers open and are in level with the sterna, in the 

fully opened flowers the anthers remain below the orifice. 

" Type 53 —Plants very early, medium in height; average height 120 cam.. 
internodes short, leaves closely borne on the stem. Leaves sessile, inserted at an 
•mole of 60° ; amplexicaul and decurrent, decurrency broad ; elliptical, lamina 
narrowed very near the base and drooping at about \ from the apex ; secondary 
veins arise at an angle of 60°, apex acute; margin wavy; surface slightly raised 
between secondary veins ; colour somewhat dark green ; texture medium ; average 
ioiiatl. 39 cm. ; ratio length/breadth 1*8. Inflorescence lams elliptical but smaller 
Inflorescence rather inconspicuous and not much raised, secondary branches 
tall as the main axis. Flowers light pink and thickly arranged on short 
stalks. Calyx globular and much inflated, a little over 1 the length of the corolla ; 
teeth long and pointed. Corolla with an orifice of 7 mm. m diameter; tube 
medium ; transition between the tube and dilated portion abrupt ; limb deeply 
divided with folds at the junction of the lobes ; lobes somewhat rounded at the 
pical points short and pointed. Cajmle conical, almost covered with 
sistent calyx, teeth of calyx projecting beyond the capsule ; apex blunt. 

Anthers burst before the flower opens and they are in level with the stigma. 

Both anthers and stigma reach the orifice. 

Type 54 , — Plants early, rattier medium; average height 100 ems*. intenioden 
short, leaves borne at an equal distance on the stem. Leaves sessile, inserted at an 
angle of 90°, amplexicaul, decurrent, decurrency broad ; elliptical, lamina narrowed 
at about 10 ems., from the base ; secondary veins arise at an angle of 60°; apex 
acute; margin wavy; surface somewhat raised betw een secondary veins ; colour 
dark green ; texture fairly thick ; average length 45 ems., ratio length /breadth 1U 
Inflorescence leaves elliptical but smaller in size. Inflorescence rather inconspicuous 
and not much raised above the leaves, side branches grow as tall as the main axis. 
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Flowers medium, .colour light pink, thickly arranged on short stalks. Calyx 
globular and much inflated, a little less than § the length of the corolla ; teeth short 
and pointed. Corolla with' an orifice of 8 mm. in diameter, tube medium; transition 
between the tube and, the dilated portion abrupt ; limb slightly divided and 
.recurved with slight folds at the junction of the lobes ; lobes rounded at the base ; 
apex short and oblique. Capsule conical, nearly f covered with persistent calyx ; 
apex pointed* 

Anthers burst before, the flower opens and remain below the stigma. In the 
fully opened flowers the stigma is just projecting beyond, the orifice. 

Type 55 . — Plants rather late, dwarf ; average height 90 cm, internodes short, 
leaves borne very close on the stem. Leaves sessile, inserted at an angle of 90°, 
amplexieaul and slightly decurrent ; elliptical, lamina narrowed at about 10 eras, 
from the base ; secondary veins arise at an angle of 00 ; apex acute ; margin slightly 
undulate ; surface somewhat raised ; colour dark green ; texture thick ; average 
length 00 cms.. ratio length/breadth 1*2. Inflorescence leaves elliptical Inflores- 
cence rather inconspicuous and not much raised, side branches grow as tall as the 
main axis. Flowers light pink, colour rather conspicuous at the apical points, 
thickly arranged on short stalks. Calyx globular and inflated less than the length 
of the corolla ; teeth short and acute. Corolla with an orifice of 8 mm. in diameter ; 
tube abroad ; transition between the tube and dilated portion abrupt ; limb divided 
at about half its depth with slight folds at the junction of the lobes ; lobes rounded 
at the base ; apical points short. Capsule conical, nearly f of it covered with 
persistent calyx ; apex pointed. 

Anthers burst before the flower opens and remain well above the stigma. In 
fully opened flower, both the anthers and stigma are in level with orifice. 

Type 56 . — Plants very early, dwarf ; average height 95 cms., internodes short, 
practically all the leaves borne very near the base. Leaves sessile, inserted at an 
angle of 90°, amplexieaul and slightly decurrent, decurrency very narrow ; elliptical, 
lamina narrowed at about 12 cms. from the base ; secondary veins arise at an angle 
of 30° and are fairly close ; apex accumulate ; margin practically entire ; surface 
smooth ; colour light green ; texture medium ; average length 45 cms., ratio length/ 
breadth 2*1. Inflorescence leaves lanceolate. Inflorescence rather compact and 
slightly raised above the. leaves, side branches grow as tall as the main axis. 
Flowers medium, creamy white with slight pinkish tinge at the apical ponds and 
the margin of the lobes and thickly arranged at the top of short stalks* Calyx 
tubular, slightly less than half the length of the corolla ; teeth rather long and 
acute. Corolla wit-li an orifice of 8 mm. in diameter; tube medium; transition 
between the tube and the dilated portion gradual; limb divided to about § of its 
depth, with slight folds at the junction of the lobes ; lobes triangular shaped at the 
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base ; apical points long. Capsule conical ; almost covered with persistent calyx ; 
teeth projecting beyond the capsule ; apex pointed. 

Anthers burst before the flower opens and are in level with stigma. In the fully 
opened flowers the stigma slightly projects above the orifice. 

In the early flowers the anthers have very scanty pollen and hence setting is 
very little, but later when the season gets warm, anthers produce much pollen and 
result in good setting of seeds. 

Type 57. — Plants early, tall ; average height 170 cms., lower internodes short, 
most of the leaves borne very near the base in a rosette form. Leaves sessile, 
inserted at an angle of 60°, amplexicaul, decurrent, decurrency very narrow ; 
elliptical, lamina narrowed at about 15 cms. from the base and folding on midrib ; 
secondary veins arise at an angle of 45° ; apex accumulate ; margin undulate and 
recurved especially towards the base; surface rough; colour dark green; texture 
thick; average length 170 cms., ratio length/breadth 2'9. Inflorescence leaves 
lanceolate. Inflorescence well open and much raised on long slender branches 
above the leaves; side branches grow as tall as the main axis. Mowers 
pink and sparse, borne on long slender branches. Calyx tubular somewhat 
inflated and less than half the length of the corolla ; teeth long and pointed. 
Corolla with an orifice of 8 mm. in diameter, tube medium ; transition between the 
tube and the dilated portion abrupt ; limb divided with slight folds at the junction 
of the lobes ; lobes rounded at the base ; apical points medium and pointed. 
Capsule conical about f covered with persistent calyx ; apex blunt. 

Anthers burst before the flowers open and are well above the stigma. Only the 
anthers reach the orifice and the stigma remains much below the orifice. 

Type 58. Plants early, tall; average height 162 cms.; internodes medium, 
most of the leaves borne on the lower half of the stem. Leaves sessile, inserted 
at an angle of 60 amplexicaul, slightly auriculate, decurrent, decurrency not very 
broad ; elliptical, lamina narrowed at about 12 cms. from the base and slightly folded 
on midrib ; secondary veins arise at an angle of 45° ; apex acute ; margin undulate ; 
surface much puckered ; colour dark green ; texture very thick ; average length 50 
cms., ratio length/breadth 2 2. Inflorescence leaves elliptical but smaller in size. 
Inflorescence open and well raised on long slender branches above the leaves, 
secondary branches remain below the main axis. Flowers pink and sparsely 
arranged on short stalks. Calyx somewhat tubular about | the length of the 
corolla ; teeth long and pointed. Corolla with an orifice of 10 mm. in diameter ; 
tube medium ; transition between the tube and the dilated portion abrupt ; limb 
deeply divided with slight folds at the junction of the lobes ; lobes slightly rounded 
at the base : apical points short and pointed. Capsule conical about § covered with 
persistent calyx ; apex blunt. 
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Anthers burst before the flower opens and are well above the stigma. In the 
fully opened flowers the anthers and stigma remain much below the orifice. 

Type 59. — Plants rather late, tall ; average height 190 cms.,mternocles medium, 
leaves borne at an equal distance on the stem. Leaves sessile, inserted at an angle 
of 60°, amplexicaul and auriculate, slightly decurrent ; elliptical, lamina much 
narrowed at about 10 cms. from the base, drooping at about the middle and 
slightly folded on midrib ; secondary veins arise at an angle of 30° ; apex acciimi- 
nate ; margin undulate and recurved ; surface somewhat smooth ; colour light 
green ; texture thick ; average length 60 cms*, ratio length/breadth 2*2. Inflores- 
cence leaves lanceolate. Inflorescence open and much raised on long slender 
branches and the side branches grow as tall as main axis. Flowers pink, and 
clustered at the ends of short stalks. Calyx cylindrical, inflated, less than § the. 
length of the corolla ; teeth long and accuminate. Corolla with an orifice of 8 mm. 
in diameter ; tube broad, the transition between the tube and the dilated, portion 
gradual ; limb divided deep down tovrard the base, with folds at the junction of the 
lobes ; lobes triangular shaped at the base ; apical points very long. Capsule 
conical, nearly half covered with persistent calyx ; apex pointed. 

Anthers burst before the flower opens and remain well above the stigma. In 
the fully opened flowers both the anthers and stigma are just in level with the orifice. 

Type 60.— Plants late, medium in height ; average height 115 cms. ; lower 
internodes short, upper medium, leaves borne practically at an equal distance on 
the stem. Leaves sessile, inserted at an angle of 60°, amplexicaul and decurrent, 
decurrency not very broad ; elliptical lamina narrowed at about 12 cm. from the 
base ; secondary veins arise at an angle of 60° ; apex acute ; margin slightly undu- 
late ; surface flat ; colour dark green ; texture medium ; average length 50 cms., 
ratio length/breadth 2*0. Inflorescence leaves lanceolate. Inflorescence open, well 
raised above the leaves, the secondary branches grow as tall as the main axis. 
Flowers light pink and thickly arranged on the top of short stalks. Calyx tubular, 
slightly inflated, about § the length of the corolla ; teeth long and pointed. Corolla 
with an orifice of about 8 mm. in diameter ; tube medium ; transition between the 
tube and dilated portion gradual ; limb deeply divided with folds at the junction of 
the lobes and recurved; lobes slightly rounded at the base ; apical points long and 
twisted. Capsule conical, about § covered with persistent calyx, teeth of calyx 
projecting beyond the capsule ; apex pointed. 

Anbhers burst before the flower opens and they are practically in level with 
the stigma. In the fully opened flowers the anthers and stigma remain a little below 
the orifice. 

Type 61.— Plants very late, tall; average height 160 cms., internodes medium, 
leaves borne at an equal distance on the stem. Leaves sessile, inserted at an angle 
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of 75°, amplexieaul, decurrent, decurrency somewhat broad ; elliptical, lamins 
narrowed at about, 12 cms., from the base and not fully expanded ; secondary vein? 
arise at an angle of 60° ; apex acute ; margin undulate ; surface slightly folded 
between the secondary veins; colour dark green ; texture somewhat thick ; average 
length 45 cms., ratio length/breadth 2*1. Inflorescence leaves lanceolate. Inflorescence 
open and much raised, the side branches grow as tall as the main axis. Flowers 
pink and sparsely arranged on short stalks. Calyx tubular and inflated nearly } the 
length of the corolla ; teeth long and accuminate. Corolla with an orifice of 8 mm. 
in diameter ; tube broad ; transition between the tube and the dilated portion 
gradual ; limb deeply divided with folds at junction of lobes ; lobes rounded at 
the base ; apical points long and oblique. Capsule conical, about, § of it covered 
with persistent, calyx ; apex pointed. 

Anthers burst before the flower opens and remain in level with the stigma. 
In the fully opened flowers both the anthers and stigma remain below the orifice. 

Type 62 . — Hants early, tall ; average height 170 ems., internodes moderately 
long, leaves borne at an equal distance on the stem. Leaves sessile, inserted 
at an angle of 60 c , amplexieaul and decurrent, decurrency not very broad ; 
elliptical ; lamina narrowed very near the base ; secondary veins arise at an angle 
of 80° ; apex acute ; margin slightly undulate ; surface somewhat puckered ; colour 
dark green ; texture thick ; average length 44 cms., ratio length/breadth 1*6. 
Inflorescence leaves elliptical but smaller in size. Inflorescence rather compact and 
not, much raised above the leaves, side branches grow as tall as the main axis. 
Flowers pink, many and thickly arranged in bunches on short stalks. Calyx 
globular and inflated, a little less than half the length of the corolla ; teeth short 
and acute. Corolla with an orifice of 7 mm. in diameter, tube bent ; transition 
between the tube and dilated portion abrupt, ; limb deeply divided with folds at the 
junction of the lobes ; lobes rounded at the base ; apical points rather short. 
Capsule conical, nearly § covered with persistent calyx ; apex pointed. 

Anthers hurst before the flower opens and they are practically in level with 
the stigma. In the fully opened flowers the anthers and stigma reach the orifice. 

Type 63 . — Plants early, tall ; average height 166 ems., loner internodes very 
short, upper long ; most of the leaves borne very near the base. Leaves sessile, in- 
serted at the angle of 90°, amplexieaul, and decurrent, decurrency not very broad ; 
elliptical, lamina narrowed at about 12 ems. from the base ; secondary veins arise 
at an angle of 60° ; apex acute ; margin undulate ; surface slightly raised between 
the veins ; colour dark green, texture thick ; average length 55 cms., ratio 
length/breadth 2*0. Inflorescence leaves elliptical. Inflorescence open, and well 
raised above the leaves, secondary branches grow as tall as the main axis. Flowers 
pink, sparse and arranged on the top of short stalks. Calyx tubular and slightly 
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inflated, less than half the length of the corolla ; teeth long and pointed. Corolla 
with, an orifice of 10 ram. in diameter ; tube medium and slightly bent ; transition 
between the tube and dilated portion abrupt * limb deeply divided with folds at 
the Junction of the lobes ; lobes rounded at the base ; apical points rather long an A 
pointed ; capsule conical, nearly | covered with persistent calyx ; apex blunt. 

Anthers burst before the flower fully opens and they are in level with stigma. 
In the fully opened flowers the anthers and stigma remain a little below the orifice. 

Type 64 . — Plants very early, medium in height; average height 130 cms, 5 
intern odes medium, leaves borne at an- equal distance on the stem. Learns sessile, 
inserted at an angle of 90°, amplexicaul; decurrent, lanceolate ; lamina narrowed 
very near the base ; secondary veins arise at an angle of 45° ; apex acute ; margin 
slightly undulate ; surface somewhat puckered ; colour light green, texture thin ; 
average length - 40 cms., ratio length /breadth 2*5. . Inflorescence learns lanceolate. 
Inflorescence much open and well raised on the long slender branches, side brancli.es 
grow as tall as the main axis. Flowers medium, rather bent, pink, arranged closely 
and form a bunch on the top of short stalks. Calyx tubular, much inflated, a little 
less than half the length of the corolla ; teeth short and pointed. ■ Corolla with an 
orifice of 7 mm. in diameter : tube slender and bent ; transition between the tube 
and dilated portion gradual ; limb slightly divided with nominal folds at the junc- 
tion of the lobes ; lobes triangular shaped at the base ; apical points short. Capsule 
conical, the teeth of the persistent calyx projecting beyond the capsule ; apex 
pointed and compressed. 

Anthers burst before the floweT opens and are in level with the stigma but they 
never reach the orifice. 

Type 65 . — Plants early, medium in height, average height 130 eras., internodes 
medium, leaves borne at an equal distance on the stem. leaves sessile, inserted at 
an angle of 60°, amplexicaul, slightly decurrent, aurieulate ; lanceolate, lamina nar- 
rowed at about 12 cms. from the base ; secondary veins arise at an angle of 45° ; 
apex accumulate ; margin slightly wavy ; surface slightly folded on midrib ; colour 
light green ; texture thick ; average length 55 cms., ratio length /breadth 2'6. 
Inflorescence leaves lanceolate. Inflorescence open and well raised above the leaves, 
side branches grow as tall as the main axis. Flowers rather bent, pink, colour more 
prominent at apical points, thickly arranged on short stalks. Calyx tubular and 
inflated less than half the length of the corolla ; teeth rather long. Corolla with an 
orifice of 8 mm, in diameter ; tube medium ; transition between the tube and dilated 
portion somewhat abrupt ; limb divided to about half its depth, with folds at the 
junction on the lobes ; lobes rounded at the base; apical points short. Capsule 
cylindrical, nearly § covered with persistent calyx ; apex pointed. 

In some cases the anthers are in level with stigma but in majority they are 
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much, below the stigma. In fully opened flowers the stigmas project beyond the 
orifice. 

Type 63 .— Plants early, tall, average height 160 cms., internodes medium, 
leaves borne at an equal distance on the stem. Leaves sessile, inserted at an angle 
of 90°, amplexicaul, decurrent, decurrency broad ; lanceolate, lamina narrowed at 
about 10 cms. from the base ; secondary veins arise at an angle of 60°, apes 
accuminate ; margin wavy ; surface nearly flat ; colour light green ; texture fairly 
thick ; average length 60 cms., ratio length/breadth 2'4. Inflorescence leaves lanceo- 
late. Inflorescence open and much raised above the leaves, side branches grow as 
tall as the main axis. Flowers medium, rather bent, pink and arranged in bunches 
on short stalks. Calyx tubular and inflated, a little less than half the length of the 
corolla ; teeth long and pointed. Corolla with an orifice of 6 mm. in diameter ; 
tube slender ; transition between the tube and dilated portion almost gradual ; limb 
slightly divided ; lobes triangular shaped at the base ; apical points long. Capsule 
cylindrical, nearly the whole of it covered with persistent calyx, the calyx project- 
ing beyond the capsule ; apex pointed. 

Anthers are in level with the stigma. In fully opened flowers the anthers aud 
stigma never reach the orifice. 

Type 67.— Plants late, tall ; average height 169 cm., internodes long, leaves 
borne at an equal distance on the stem. Leaves sessile inserted at an angle of 90°, 
amplexicaul, decurrent, decurrency very broad ; ovate, lamina narrowed very near 
the base ; secondary veins arise at an angle of 60° ; apex acute ; margin undulate ; 
surface slightly raised between the secondary veins ; colour dark green ; texture 
very thick ; average length 50 cm., ratio length/breadth 1'7. Inflorescence leaves 
ovate to elliptical but smaller in size. Inflorescence rather compact and not much 
raised above the leaves, secondary branches remain below the main axis. Flowers 
light pink and arranged in bunches on short stalks. Galya; globular and much 
inflated, little less than half the length of the corolla ; teeth short and pointed. 
Corolla with an orifice of about 12 mm, in diameter ; tube very broad ; transition 
between the tube and dilated portion abrupt ; limb slightly divided ; apicule short 
and pointed. Capsule conical, nearly f covered with persistent calyx ; apex pointed. 

Anthers burst before the flower opens and remain in level with the stigma. In 
fully opened flowers the anthers and stigma project beyond the orifice. 

Type 68. Plants early, tall ; average height 170 cm., lower infcernodes short, 
upper long, most of the leaves borne very near the base. Leaves petiolate, inserted 
at an angle of 60° ; lanceolate, secondary veins arise at an angle of 60° ; apex acute 
and invariably notched ; margin wavy ; surface slightly raised between the second- 
ary veins ; colour dark green ; texture thick ; average length 50 cm., ratio 
length/ breadth 2 0. Inflorescence leaves lanceolate. Inflorescence much open and 
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well raised on long slender branches above the leaves, side branches remain below 
the main axis. Flowers pale pink, sparse, arranged far apart on the top of the 
short stalks. Calyx globular and inflated, slightly less than half the length of the 
corolla ; teeth short and acute. Corolla with an orifice of 8 mm. in diameter ; tube 
medium; transition between the tube and the dilated portion abrupt; limb 
deeply divided and recurved with slight folds at the junction of the lobes ; lobes 
somewhat triangular shaped at the base ; apical points long. Capsule conical, 
about | covered with persistent calyx ; apex pointed. 

Anthers burst before the flower opens and remain in level with the stigma. In 
fully opened flowers the anthers and stigma just reach the orifice. 

Type 69, — Plants early, tall ; average height 160 cm., internodes long, leaves 
borne at an equal distance on the stem. Leaves petiolate with slight alate petioles, 
inserted at an angle of 90° ; ovate ; secondary veins arise at an angle of 60° ; apex 
acute ; margin slightly undulate ; surface somewhat raised between the veins ; 
colour light green; texture thin ; average length 45 cm., ratio length/breadth 1*4. 
Inflorescence haves ovate but smaller in size. Inflorescence open and well raised 
above the leaves, side branches grow as tall as the main axis. Flowers small, pink, 
arranged fairly apart on the top of short stalks. Calyx globular and inflated, less 
than | the length of the corolla ; teeth short. Corolla with an orifice of 7 mm. in 
diameter ; tube medium ; transition between the tube and dilated portion abrupt ; 
limb somewhat divided with slight folds at the junction of the lobes ; lobes rounded 
at the base ; apical points short. Capsule conical, nearly § covered with persistent- 
calyx ; apex pointed. 

Anthers burst before the flower opens and are 'well above the stigma. In fully 
opened flowers the anthers and stigma are in level with the orifice. 
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(With Plates XXXVI— XL). 

Introduction. 

Buckton [1893, 1900], Lefroy [1909], and more extensively Crawford [1912, 
1924], Have described and figured a number of the adults of the Indian Psyllidm 
but the nympbal forms have so far received comparatively little attention. Grove 
and Ghosh [1914] gave a brief description of the nvmphal forms of Arytaina puncti- 
pennis Craw. (Sub-family: psyllin®) and Afzal Husain and Dina Nath [1929] 
described very fully the immature forms of Diaphorinci citri Kuw. (Sub-family: 
PSYRLIN®.) , 

The importance of a study of the nymphal forms, both from the pomt ot control 
and taxonomy, cannot be over-emphasized. Considerable stress has been laid on 
the taxonomic value of such a study by Crawford [1914] and Perris [1923]. With 
our present knowledge of the nymphs of the Indian Psyllidse it is very difficult, if 
not impossible, to correctly identify even some of the common pests m their 
immature stages. 

Crawford's [1914] classification of the family Psyliidse based entirely on the 
characters of the adult— the shape of head and gense, and wing venation—* 
does not appear to be entirely satisfactory. He divides Psyliidse into the following 
six sub-families : — 

1. LIVIEST® 3, CARSIDARINiE 5. TRIOZIN® 

2. PAUROPSYLUNZB 4. 0 ERI ACREMINJ5 6. PSYLLIN® 

Regarding the sub-family triozin® he [1919] remarks : “ the most easily 

visible, though not the most constant, character of this sub-family is the point of 
furcation of the basal vein of the forewing— the cubitus, media and radius leaving 
the basal vein at quite or nearly the same point. GeropsyUa and Hemitrioza, both 
American genera, are exceptions to this. On the other hand, several speeies 
belonging to other sub-families, possess this characteristic, as follows : Rhmpsylla 
and Temphalara triozipennis, of the sub-family carsidarin®; and Pauropsylla 
tnozoptera and Lsptynoptera, of the sub-family pausopsyllin®. ” 

*Craw£ord [1914] hiaisoH is of opinion that the character of Wing venation may prove to be value- 
less as a sub-family character (p. 62) 
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Tie study of tie nymphal forms shows still more clearly tie unsatisfactory 
nature of this classification. Perris [1928, 1] regarding Synoza floccosa Perris (Sub- 
family : carsidarinje) remarks : “ the knowledge of tie nymphs of this sub- 
family is still too fragmentary to permit any conclusions concerning the evidence 
that they may afford as to relationships. I would merely call attention to the fact 
that this nymph bears extremely little resemblance to that next to be described 
(Freysuila eohahuaymm Perris), although on the basis of existing classification the 
two species are referred to the same sub-family Afzal Husain and Dina Nath 
[1929] state that “ the nymphal affinities of Diaphorina citri Kuw. suggest a closer 
relationship with the sub-family trxozinee rather than with the sub-family 
psyllinze ” to which sub-family on the basis of Crawford s classification this 
Psyllid belongs. The nymphal forms of Tenaphalara elongata Craw. (Sub- 
family : carsxdarims) (Plate XXXVII), show a greater affinity with nymphs of 
the sub-family psyllinze as wing-pads are not produced cephalad but stand out 
prominently from the general contour of the body. 

Again, while placing the genus Tenaphalara Kuw. in the sub-family 
carsidarinze, Crawford [1919] says “ this is rather an anomalous genus, suggestive 
of Aphalam and also Pauropsylla in the head shape, and of carsxdarinze in wing 
venation, tarsi, and eyes ". Aphalam is placed in the sub-family livieoe while 
Pauropsylla is a typical genus of the sub-family pauropsyllinze. The study of 
the nymphs of these two genera on the other hand clearly separate Tenaphalara 
from Aphalam and Pauropsylla i.e t , nymphs of the former are of the typical 
psylliine type and the two latter do not belong to this type. 

Perris [1925], as a result of his study of a number of forms, recognizes two 
distinct types of nymphs in this family (1) the triozine type, “ in which the wing- 
pads are produced cephalad at the humeral angle and otherwise so arranged that 
their margin is more or less continuous with the margins of head and abdomen/' 

(2) the psylliine type, “in which the wing-pads are not produced cephalad at the 
humeral angle and they project prominently from the contour of the body. *' 

Ferris's [1925] grouping of the nymphs of this family, on account of the limited 
number of nymphal forms studied, has by no means reached finality. In the 
nymphs of Pauropsylla tuberculata Craw, humeral angle of front wing-pads are 
rounded but not produced cephalad as is the case with Trioza fleteheri Craw. 

(Plate XXXII), although there is a distinct tendency towards that condition. 

Margins of front wing-pads run in line with the general contour of the body. It, 
therefore, seems necessary to add another type to the two types of Ferris and call 
it Pauropsylline type, in which the front wing-pads are not produced cephalad at 
the humeral angle but show a tendency in that direction, their outer margins are 
however, in line with the general contour of the body. The immature forms of 

0 ? 
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, essa Oxaw. (Sub-family: paueopsyllin^), and Lemmata 
(Sub-family : triozine) studied by Ferris [1928, 2] and Aphalara 
amily : liyiinas) studied by Klyver [1930], fall under this type. 

icies have been studied in detail : — 


nymphs of the following sp< 


Reference 


Nymphal type 


Name 


Present paper 


Paxiropsylline 


1 . Pauropsylla tuberciilata Craw. . 

2. Pamopsylla depressa Craw, 

3. Synoza ffoccosa Ferris . 

4. Preysuila cohahumjanae Ferris 

5. Qarsidara gigantm Craw. 

6. Temphdlam ehngata Craw. . 

7. Euphyllura arbuti Sell. . 

8. Psyllopsis jutxinicola Foej% 

9. Psylla alni Linn. . 

10. Psylla buxi Linn. 

Osten 


Present paper 
Ferris 1928, 1 


Ferris 1928, 1 


Gabsidabim 


Ferris 1928, 2 


Present paper 
Ferris and Hyatt 1923 


Ferris 1925 


Ferris 1926 


Ferris 1926 


11. P achy psylla vcmtsta 

Sacken 

12. Euphalmts gallicola Ferris 

13. Euphyllum arctostaphyli Sch. 

14. Arytaina punctipennis Craw. 

15. Diaphorina citri Kuw. . 


PSYLLDOE 


Ferris 1928, 1 


Present paper 


Afzal Hussain and 
Dina Natli 1929 


Triozine 


Ferris 1923 


16. Geropsylla sideroxyli Riley 


Ferris 1925 


17. Trioza urticae Linn, 


Ferris 1925 


18. Paratrioza cockerelli Sulc. 

19. PJiyllopecta diospyri Ashmead 

20. Leiiro7iota michoacana Ferris , 


P a u r o p syliine 
(Triozine type, 
Ferris) 


Triozine 


21. Trioza albifrons Craw. 

22. Trioza fletcheri Craw. 

23. A phalara ealthae L . 


Present paper 


P a u r o psylline 
(Psylliine type, 
Klyver) 


Liviinai 
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From the above it will be seen that on the basis of the form of the nymph, 
family Psyllidse is classifiable into three groups, viz., 1. Pauropsylline, 2. Psylliine, 
3. Triozine. Nymphs of the sub-family carsidarine resemble the nymphs of the 
sub-family psylline ; and the single nymph of the sub -family liviine (so far 
studied) and the nymph of Leuronota michoacana Ferris of the sub-family triozine 
resemble the nymphs of the sub-family pauropsylline; and the nymphs of 
Diaphorina citri Kuw. of the sub-family psylline resemble the nymphs of the sub- 
family triozine. With the advancement of our knowledge about the immature 
forms of Psyllidse the classification of the family will have to be revised. 
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Pauropsylla tubmrculata Craw. (Sub-family : pauropsylline). 

(Plate XXXVI.) 

Material . — Eggs and nymphs were collected between 27th March to 18th 
November 1926 (Colls. M. Afzal Husain and K. A. R.) from leaves of Alstonia 
scholaris R. Br., Imperial Agricultural Research Institute, Pusa (India). 

The mature gall (Plate XXXVI, figs. 6, 6g, 6gt), — The nymphs form galls on 
the leaves of Alstonia scholaris R. Br. A mature gall is a small barrel-lik.e structure 
and is 3-5 mm. long and 2 mm. broad across the top (Plate XXX VI, fig. 6g). 
A larger part of the £ barrel 5 projects below the lower surface of the leaf lamina. 
The surface of the gall is smooth and its colour harmonizes with the colour of the 
respective side of the leaf, i.e., the round bottom which is towards the upper side 
of leaf is green, and the flat top portion towards the lower side is whitish-green. 
In the middle of the lower end is a slit (Plate XXXVI, fig. 6gt) that marks 
the opening of the gall, the exit for the nymph. 
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„ n i1« are irregularly scattered and are usually isolated, but sometimes 
The galls “ tourer forming a group (Plate XXXVI, fig. 6) although each 

numbm of gall. found on one leaf may h. as high a. 76, but 20 gall, pm 
“ “doTuS'lnduee gall formation; therefore, the number of 

^h r r 

^ 11 * 4 -u fu p fir> 0 f its abdomen close to tlie exit. Tins aperture, 

TThL 1 "— ^ begins to open, and by the time nymph 
17 o Svfthe gall, it l.» opened .efficiently wide to allow the insect to 
"Lane ? The nymph terns the gall walking backwards with abdomen foremost 
and ^crawls on to the flat surface of the leaf just beside the gall. Soon after its 

escape it moults and becomes adult. , ,, , 

Colouration of the newly emerged adult.— Head, thorax, an e rs . 
abdomen yellowish, dorsally the base of abdomen with a whrtrsh-yellow homontal 
stripe -eye 7 s slaty-grey; ocelli luteoue ; sternum, underside of abdomen and the 
second half of abdomen above, stramineous ; antennae and legs translucent white , 
terminal sete of antenna* dark or dark ochraceous and of unequal ength. Apex 
of rostrum and tips of antennas black. Wings hyaline. Vems yellowish except 

^ After six hours the adult becomes “red or dark reddish brown ” [Crawford, 
1912 ], there being a good deal of variation in the degree oi intensity of colonra- 

tim ' Copulation and opposition.- The adult insects congregate in fairly large numbers 
on young leaves where copulation takes place. Copulation takes place from side 
to ride with the heads of the pair pointing m the same direction. When m 

coitus they move about the young leaves freely. . . 

Soon after copulation the female starts opposition. Eggs are laid srnjy 
on the underside of the young leaf (Plate XXXVI, fig. 7) along the midrib, on 
the margins of the loaf, or scattered on the lamina. Very rarely, howewer, eggs 

may he deposited on the upper side of the leaf. _ 1 . , 

7 The egg (Plate XXXVI, figs. 7e, 7es, 7et).-The egg is cylindrical and 

tapers abruptly towards each end (Plate XXXVI, figs. 7es, 7et) The basal 
end is rounded and produced into a stalk which is thrust into the tissue of the 
leaf, hut the free distal end is acute and terminates m a fine ^istle'hkeprocess 
(Plate XXXVI, fig.-7e). The egg is slightly curved (Plate XXXVI, fig. Jes) 

and along its convex ride is a shallow longitudinal groove which marks the position 
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of the future slit along which the egg shell will split at the time of hatching 
(Plate XXXYI, fig, 7et), When freshly laid the egg is light yellow, but becomes 
darkish just before hatching. Empty egg shells remain attached to the leaf a long 
time after hatching. 

Incubation period and the behaviour of the newly hatched nymph. — The egg stage 
lasts from three to five days during August (at Pusa — Bihar). The nyinph on 
hatching crawls about on the surface of the leaf for some time and then settles down 
lying perfectly fiat with the whole of the undersurface of its body pressed well 
against the surface of the leaf and the legs well spread out. 

Nymphal colouration and wax production.' — The nymphs of the first and the 
second stage are translucent with red eyes. In the third stage the general body 
colour becomes orange-yellow with the underside of the head and thorax white. 
The secretion of wax begins at this stage. The colour changes somewhat in the 
fourth stage and the wax production becomes more profuse. Head and thorax 
(with the exception of the wing-pads which are transparent) become yellowish and 
abdomen is orange-yellow with its tip covered with wax. In the fifth stage no 
change in colour takes place excepting the wing-pads which become yellowish, 
but during this instar wax production is at its maximum with the result that 
abdomen is completely covered with it and the rest of the body is lightly dusted 
with wax. 

Moults . — Five moults are gone through before the wunged stage is reached. 
Four moults take place within the gall and the fifth one outside on the leaf. If a 
gall is carefully opened all the nymphal skins of the respective instars can be 
easily found sticking to the inside of the gall. 

Injury. — The insect causes injury to the young growing leaf by sucking its 
juices and by producing galls which interfere with its proper functioning. After 
the escape of the nymphs these galls become woody and black. The infested leaves 
are distorted and undersized. 

Description of the nymphal instars of P. tuberculata Craw. 

Fifth instar nymph (Plate XXXVI, figs. 5, 5a, 5ss, 5as, Sts, 5t, Stg, Sea, 5p, 
5m ; Plate XL, fig. 1). — Length on slide : — 1*1 — 1*24 mm. 

The nymph of Pauropsylline type with body flattened marginally fringed 
(except the basal portion of the margin of abdomen) with long and slender setae 
borne on small tubercles, interspersed with a few short ones, all equally spaced. 

Head short and broad. Dorsally, except along a median-longitudinal 
membranous streak, derm is heavily chitinized but ventrally membranous through- 
out. Eyes large, many-faceted. Antenna (Plate XXXVI, fig. 5a) *36 — '49 mm. 
long, tapering, bent backward passing over the middle of the eyes and during life 
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3 head ; corrugated except basally and apically where 

areas divide 

of which the seventh segment is the longest, 
a ring-shaped sensorium (Plate XXXVI, fig* 

' ), one on the lower side (Plate 
on the upper side (Plate XXXVI, fig- 5ss). 

characteristic of every stage.) 

’j, and chitinized and the nymph can 
Bach tibia with two long spines at apex 
little removed from the apex 


held against the sides oi toe Head , 
they are smooth, segmentation not 
each antenna into seven segments, 

Segments 6th and 7th each with 
5a. s). Apical half of 7th segment hears two long sete ; 

XXXVI, fig. 5as) and a longer one < 

(The position of these setae is 

Thorax membranous. Legs strong, stout. 

walk with ease. Trochanter not formed, i 

on the underside and a shorter one on the upper side a 
(Plate XXXVI, fig. Sts). Tibio-tarsal articulation present (Plate XXXVI, ug. 
5t). Tarsi unsegmented. A pair of small claws present. Pulvillus absent. 
Inserted dorsallv on the apex of the tarsi just above the claws are two hollow 
golf-club-shaped setae (Plate XXXVI fig. 5tg). Wing-pads large, heavdy 
chitinized, not prominently standing out of the general contour of the body ; 
humeral ang le not produced cephalad, hut shows a tendency in this direction, the 
outer margin of the wing-pads is in line with the outer margins of head and 
abdomen. °This type of nymph I have called Pauropsylline type. 

Abdomen flattened, and devoid of the marginal set* on its basal portion, other- 
wise well supplied with set*. Its. apical fourth is heavily chitinized dorsally, hut 
ventrally it is membranous excepting small chitinized areas round the spiracles. 
Ventrum of apical fourth of abdomen is clothed in minute points (Plate XXXVI, 
fig. 5m). Anal opening situated a little in front of the apex of the abdomen and 
enclosed within a circum-anal pore ring which is interrupted medially, both in front 
*nd behind (Plate XXXVI, file. 5ca ; Plate XL, fig. 1). Circum-anal pore ring 
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smaller circum-anal pore ring (Plate XXXVI, fig. 3ca) with, more or less circular 
pores . (Plate XXXVI, fig. 3p) ; the apical seta passing the tip of each antenna 
(Plate XXXVI, fig. 3a. ss) ; body setse longer. 

Second instar nymph (Plate XXXVI, figs. 2, 2a, 2ca). — Length on slide;— 
*32 mm. 

Head broadly rounded in front (Plate XXXVI, fig. 2) ; each antenna *04 mm. 
long ; apical seta of each antenna inserted just about the tip and largely passing it 
(Plate XXXVI, fig. 2a. ss) ; wing-pads rudimentary ; body setae fewer in number 
and V-shaped circum-anal pore ring (Plate XXXVI, fig. 2ca). In other respects 
it resembles the third instar nymph. 

First instar nymph (Plate XXXVI, figs, 1, It, la, Is). — Length on slide 
*24- mm. 

Oblong, body fringed with lanceolate setae (Plate XXXVI, fig. Is). Head 
narrowly rounded in front ; each antenna *03 mm. long, apical seta of each antenna 
(Plate XXXVI, fig. la. ss) inserted at its tip ; claws absent ; pulvillus present, well 
developed, fan-shaped and petiolate (Plate XXXVI, fig. It) ; wing-pads and 
circum-anal pore ring lacking. Otherwise identical with the second instar nymph. 

About the fifth stage nymph of Leuronota michoacana F. (Sub-family : 
triozine) Ferris [ 1928, 2 ] remarks : “ departing from the typical triozine form in 
that the wing-pads are not produced anteriorly, but otherwise of this general 

type ” while Klyver [1930] describes the fifth stage nymph of Aphalara 

callhce L. (Sub-family ; liviine) as “ elongate and of typical psylliine form, that 
is, with the wing-pads projecting from the side of the body and not produced 

cephalad V From the figure of the fifth stage nymph of Leuronota 

michoacana F. given by Ferris it is clear that it approaches what I call the 
Pauropsylline type more closely rather than triozine type [ cf. Geropsylla sideroxyli 
Riley, Ferris 1923, p. 255], because the wing-pads are not produced cephalad and 
their lateral margins run in line with the lateral margins of head and abdomen. 
From the figure of Aphalara calthce L. given by Xlyver it is also clear that it 
belongs to my Pauropsylline type rather than Psylliine type in as much as the outer 
margins of the wing-pads run in line with the outer margins of head and abdomen. 
In a typical psylliine form [ cf. Psylla huxi Linn. Ferris, 1926, p. 19 ] on the other 
hand the wing-pads are attached at an angle to the thoracic region. 

Pauropsylla depressa Craw. (Sub-family: pauropsylline). 

(Plate XXXVIII.) 

Material. — Nymphs were collected between 17th October to 7th December 
1926 (Coll. K. A. R.), from galls on the leaves of Ficus glomerata Roxb., Imperial 
Agricultural Research Institute, Pusa, and on 9th November 1931 from Lahore 
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(Coll. K. G. Bhandari). T he available material consists of the fifth, third, and 
first in stars only. 

The mature gall .— The nymphs make galls on the leaves of Ficus glcmerata 
Boxb. These galls may occur singly or in clusters. The inner partition of each 
gall in a cluster remains quite intact. 

Bach gall is like a pointed sphere and mainly projects above the upper surface 
of the leaf. The top portion of the gall appears on the lower side of the leaf as a 
small elevation and is more or less pointed. The top of a gall is whitish-green in 
colour — sometimes with a reddish tinge— and contains the aperture of exit, ie. } 
aperture is on the lower surface of the leaf. 

Nymphal colouration and wax production ,— The newly hatched nymph is 
semitransparent with the margins of the body fringed with waxy filaments. Once 
within the gall its colour changes to bright yellow 7 and the filaments disappear. 
In subsequent stages no wax production takes place. After the first ecdysis head 
and thorax become whitish and the abdomen whitish yellow. In the third and the 
following instars the colour scheme is more or less identical and is as follows :* — 

Head and thorax including wing-pads pale tawny-brown; a black spot 
situated about the centre of the base of each wing-pad ; eyes blood 
red ; legs, antennae, whitish yellow ; dorsum of abdomen pale yellow 
with a double row 7 of pale tawny dashes and spots contiguous caudad ; 
ventrum w 7 hitish yellow. 

Moults . — Number of moults is five. 

Injury . — A few galls do not affect the leaf adversely, but when numerous, as 
is usually the case, the leaf gets distorted, turns yellow 7 , dries up and ultimately 
drops down. 


Description of the nymphal instars of P. depressa Craw. 

Fifth instar nymph (Plate XXXVIII, figs. 5d, 5da, Mb, Bdt, Sdp, 5dn, Sdg, 
5dm, 5ds, 5dc ; Plate XL, fig. 2). — Length on slide : — 2*1 mm. 

The nymph is of the pauropsylline type w r ith body oblong, integument thick, 
dorsally sparsely clothed in long setae (Plate XXXVIII, fig. 5ds), ventrally and 
on the vertex of head in minute spine-like setae (Plate XXXVIII, fig. 5dm). 

Head rounded in front and not separated from the thorax by any distinct 
groove [ cf. Trioza fletcheri Craw., fifth instar nymph (Plate XXXIX. fig. 5)]. Eyes 
large, many faceted and do not bulge laterad. Each antenna *31 mm, long, taper- 
ing, three-segmented, strongly curved, and set ventrally well back from the apex 
of the head with the result that it hardly attains the middle of the eyes. 
It is very clearly imbricate, and is furnished with four sensoria (Plate 
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XXXVIII, figure fida. s). Two email seise near the ajex of the last segment 
present. 

Sternum is supplied with a very large number of sclerotic areas each one of 
which is mounted with palmate setae (Plate XXXVIII. fig. 5db). Legs well- 
developed, trochanter absent, femora stout and not reaching the margins of the 
body. Tibio-tarsal articulation present (Plate XXXVIII. fig. 5dt) ; claws absent ; 
pulvillus present, reniform and slightly petiolate (Plate XXXVIII, fig. 5dp). 
Apical half of tibiae and the whole of tarsi (Plate XXXVIII, fig. 5dt) clothed in 
thorn-like set-89 (Plate XXXVIII, fig. 5dg) which are arranged in transverse row's 
on the tarsi. On the dorsum of each tarsus, just above the pulvillus, there is a 
single slightly curved, golf-club-shaped seta pointed at its end (Plate XXXVIII, 
fig. 5dn). Wing-pads not produced cephalad, but at the same time their humeral 
angle slightly bulging and their outer margins run in line with the margins of head 
and abdomen. 

Anus set a little in front of the apex on the ventral side ; circum-anal pore 
ring (Plate XXXVIII, fig. 5dca ; Plate XL, fig. 2), made up of slit-like pores, 
is more or less rounded in outline and is interrupted both anteriorly and 
posteriorly. Circum-anal pore ring encloses another ring of minute circular pores 
(Plate XXXVIII, fig. 5dca). 

Third instar nymph . — Length on slide : — *62 mm. 

In general characters resembles the fifth instar nymph but differs as follows 
Each antenna *08 mm. long, slightly curved, with segmentation ill-defined. Tibio- 
tarsal articulation lacking; body clothed in long setae which give the insect a 
shaggy appearance. 

First instar nymph .* — Length on slide : — -*24 mm. 

Body oblong, margined with hollow tube-like setae widely spaced and set on 
tubercles. These setae disappear in subsequent stages. Each antenna *04 mm. long, 
straight, and imbricate with segmentation obscure. Tip of each antenna armed with 
two setae of unequal length. Wing-pads absent. Body setae are fewer in number. 
In other respects it resembles the nymph of the third instar. 


Tenapealara elongata Chaw. (Sub-family : c arsid arint . as) . 

(Plate XXXVII) 

Material . — Eggs and nymphs were collected between 12th December 1926 
to 24th January 1927 (Coll. E. A. R.) from the underside of the leaves of 
Bombax malabarkum DC., Imperial Agricultural Research Institute, Pusa. 
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Oviposition. — Tie eggs are laid singly in the tissue of the leaf of Bombax 
malabaricum DO., their presence being indicated by a slight excrescence and by 
the dirty- white colouration of the surrounding tissue. The eggs are elongate-oval 
and are neither stalked nor furnished with a bristle. On hatching the nymphs 
crawl about on the under surface of the leaf. 

Nymphal colouration and wax-production . — The first, second and third instar 
nymphs are generally brownish yellow, but change to green in the fourth and fifth 
instars, in addition there is a longitudinal median red line running from the tip of 
the head to the caudal extremity. This is particularly well-defined in the nymphs 
of the fifth instar. There are also two black dots situated one on either side of the 
red stripe about the bases of the hind wing-pads. 

To start with wax-production is very slight and in the first instar nymph it 
forms a coating ot the stalked bubble of honey- dew, but as the nymph grows and 
advances in age wax-production becomes more profuse, until in the fifth instar 
it is at its maximum and is given out from the circular pores of the chitinized area 
in the form of very long and straight waxy filaments with a stalked bubble of 
honey-dew coated with wax sticking out from the circum-anal pore ring 
(Plate XXXVII, fig. 5e). These waxy filaments are as long or even longer than 
the entire nymphal body and they, together with the accumulated dirt particles 
and the cast off nymphal skins, impart a very characteristic appearance to the 
nymphs. These waxy filaments are easily detachable. 

Habits of the nymphs . — The nymphs are free living and during December and 
January (Pusa— Bihar) all stages from the egg to the adult are to be found on the 
same leaf. Nymphs of all instars remain congregated on the underside of the 
infested leaf on either side of the mid- vein. They are very active and agile, and 
when disturbed run about the leaf with great speed. 

Infury . — According to Fletcher [1917] “ the attack may be severe but of less 
importance as the leaves fall off the trees in another couple of months" time ” (from 
December). 


Description of the nymphal instars of T. elongata Craw. 

Fifth instar nymph (Plate XXXVII, fig. 5, 5a, • 5as, 51, St, 5ca, 5c, Se ; 
Plate XL, fig. 3). — Length on slide ; — 1‘7 — 2*1 mm. 

The nymphs of typical psylliine type with body elongate not flattened, sides 
of the body sub-parallel, wing-pads not projecting cephalad at the humeral angle 
but stand well away from the sides of the body. 

Head large, rounded in front, truncate behind and distinctly marked off from 
the thorax. Derm of head is heavily chitinized dorsally, but ventrally, excepting 
a small squarish chitinized plate about the base of each antenna, membranous 


1 


IMMATURE STAGES OF SOME INDIAN PSYLLIDJE 


369 



and clothed in short setae which are scattered irregularly. Eyes prominent, not 
projecting iaterad. Each antenna 1*3 mm. long, segmentation distinct, ten-segmen- 
ted ; first segment short and stout ; second segment short and cylindrical, rest long 
and slender ; first two segments furnished with short, slender setae, third to ninth 
segments apically bordered with short, slender, setae, apex of terminal segment 
furnished with two setae situated as indicated in the figure (Plate XXXVII, 
fig. 5a). Apical portion of the third segment, the entire fourth and successive 
segments clearly imbricate, segments two to nine each carry one sensorium, situated 
apically (Plate XXXVII, fig. 5as). 

Thorax, excepting the heavily chitinized wing-pads, membranous both dorsally 
and ventrally. Legs long and beset with short stiff setae. Trochanter absent, 
femora stout and passing the margins of the body. Tibio-tarsal articulation 
quite distinct (Plate XXXVII, fig. 5t). Claws present, but pulvillus absent. The 
two golf -club-shaped setae present (Plate XXXVIT, fig. 5tg). Wing-pads over- 
lapping. Outer margins of the front wing-pads and posterior margin of the hind 
wing-pads fringed with widely spaced short but stout setae borne on tubercles. 

Abdomen 1*1 min. in length and longer than the head and the thorax put 
together, slightly narrowed at base gradually swells out to its apical fourth and 
then obliquely dips and terminates in an ill-defined process which carries the anus. 
The eircum-anal pore ring, interrupted medially both anteriorly and posteriorly, 
consists of a very large number of more or less circular pores which are arranged 
in a comma-shaped manner (Plate XXXVII, fig. ca). The inner ring of minute 
pores is absent. In addition there are chitinized areas perforated with circular 
pores (Plate XXXVII, fig. 5c ; Plate XL, fig. 3), located in three definite groups 
along the dorso-lateral and latero- ventral margins of the apical portions of the 
body, each group being continuous both above and beneath (Plate XXXVII, 
fig. 5). It is through these pores that the long waxy filaments described above 
are given out. Apical fourth of abdomen marginally fringed with lanceolate 
seta) (Plate XXXVII, fig. 51) which are widely spaced and interspersed with 
simple setse. The derm excepting the last mentioned chitinized areas membranous 
both dorsally and ventrally. 

Fourth instar nymph (Plate XXXVII, figs. 4, 4t.).— Length on slide 1*3 mm. 

In general characters identical with the fifth instar nymph but differs as 
follows : Each antenna eight segmented, *84 mm. long with the fourth segment 
longest (*12 mm.), with only the last four segments imbricate. Chitinized squarish 
plate at the bases of each antenna absent. Wing-pads are smaller and slightly 
over-lapping. Femora comparatively stouter being on an average *16 mm. thick 
at the thickest portion. Tibio-tarsal articulation lacking (Plate XXXVII, fig. 4t). 

Third instar nymph (Plate XXXVII, fig, 3.).— Length on slide *8 mm. 



370 


INDIAN JOURNAL ON AGRICULTURAL SCIENCE 


[II, IV. 


Each antenna six-segmented, '45 mm. long, last three segments faintly imbricate. 
Head anteriorly truncate, laterally broadly rounded, frontal margin of the head 
between the bases of antennae supplied with short stiff setae arranged in three 
transverse lines, one behind the other. Area round about proboscis heavilj chiti- 
nized. Eyes quite prominent and bulging laterad. Wing-pads small and not over- 
lapping. 

In other respects it resembles the fourth instar nymph. 

Second instar nymph (Plate XXXVII, figs. 2, 2a, 2pd, 2ca.).— Length on 
slide ‘8 mm. 

Each antenna (Plate XXXVII, fig. 2a) three segmented, ’22 mm. long, third 
segment longest being about ’17 mm. with two sensoria situated at about its 
middle, one on the dorsal and the other on the ventral side. Wing-pads appear 
as slig ht swellings from the sides of mesothorax and metathorax. Circum-anal 
pore ring made up of a single row of pores (Plate XXXVII, fig. 2ca) and the 
circular pores of the chitinized area arranged in two groups only (Plate XXXVII, 
fig. 2). Slightly above the upper group the abdominal wall swells out to form a 
pouch-like dilatation which is mounted by a seta (Plate XXXVII, fig. 2pd). 

In other respects it resembles the nymph of the third instar. 

First instar nymph. — Length on slide : — "45 mm. 

Each antenna two jointed, ‘09 mm. long, second joint longest being -08 mm. 
Ventrum of the head is beset with short, stiff setae. 

The condition of the abdominal portion of the specimen does not permit of a 
definite statement being made about the circum-anal pore ring and the circular 
pores. 

Jbttaina pungtipennis Craw. (Sub-family : psyllinas). 

(Plate XXXVIII.) 

Material. — Nymphs were collected in December 1926, (Coll. K. A. B.) 
from Indigo (Indigofera), Imperial Agricultural Besearch Institute, Pusa. 

Oviposition and the egg. — According to Lefroy [1913] “eggs are laid singly, 
stuck to the plant ; they are laid near the tip of the shoot if there is room, either 
on the stem itself, or on the leaf-stalks or the leaflets. Each egg is cylindrical, 
tapering to each end, one end a little broader than the other ; when first laid they 
are very pale yellow, almost white ; in two days they become deep black ”. 

Injury. — The nymphs are free living, they remain congregated on the stem and 
side shoots of the indigo plant, and extract sap with the result that in “ the Java 
tip curls into a very compact hard knot owing to the thick stem and crowded 
leaves ” while “the Sumatrana with their leaves well spread out curl into les6 com- 
pact masses ” [Lefroy, 1913]. 
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Description of the nymphal instars of A. punetipennis Craw. 

Fifth instar nymph (Plate XXXVIII, fig. 5, 5a. 5b, 5t. 5tg, 5ts, 5s, 5ca, 5cp, 
Plate XL, fig. 4).— Length on slide : — 15 mm. 

General form typical psylliine, marginally fringed with setae of three varieties 
(1) sharply pointed sectasebae, (2) lanceolate setse, and (3) lanceolate setse with 
lagged tips (Plate XXXVIII, fig. 5b. so. 1. j.), interspersed with each other, all 
set on tubercles. 

Head distinct, anteriorly rounded, with derm chitinized both dorsally and. veil- 
trally. Eyes large semi-circular, and project slightly from the sides of the head. 
Bach antenna (Plate XXXVIII, fig. 5a) eight-segmented, -51 mm. long, third joint 
longest being about -11 mm. long; segments four to eight imbricate.. Tip of the 
last segment hears two short setse which are basally convergent but apically diver- 
gent. Segments three to seven, each bears a sensorium on the lower side of its apex, 
but on the eighth segment sensorium is situated about the middle (Plate XXXVIII, 
fig. 5a. s). 

Thorax largely taken up by wing-pads. Legs quite thickly beset with, slender 
setse. Trochanter present. Femora of the front and the middle legs parsing and 
those of the hind legs just attaining the margins of the body. Tibio-tarsal articula- 
tion present (Plate XXXVIII, fig. 5t) ; claws present but pulvillus absent. On the 
upper side of each tarsus (Plate XXX V III, fig. 5t), just above the claws, two 
hollow golf-club-shaped setse present (Plate XXXYII1, fig. 5tg). Wing-pads 
large, stand well out of the general contour of the body ; both legs and wing-pads 

chitinized. . . 

Abdomen flattened. Apical half and a few scattered areas chitimzed dorsally 

but ventrally membranous except the chitinized apical fourth and the chitinized 
areas round the spiracles (Plate XXXVIII, fig. 5). Ventrum beset with four 
types of setse. 

i. simple setse (Plate XXXVIII, fig. 5s), 
ii. short thorn-like setse (Plate XXXVIII, fig. 5ts), 

Hi. lanceolate setse (Plate XXXVIII, fig. 5b. 1), 

iv. lanceolate setse with jagged tips (Plate XXXVIII, fig. 5b.j). 

Anal opening triangular and a little in front of the tip of the abdomen. Cir- 
cum-anal pore ring (Plate XXXVIII, fig. 5ca; Plate XL, fig. 4) continuous 
broad bean-shaped, and is made up of oval pores enclosing within another ring of 
circular pores. Slightly in front of the tip of the abdomen one on either side of the 
circum-anal pore ring there are circular pores arranged in the form of asemi-circle 
and each of these encloses another ring of minute circular pores within (Plate 

XX PouS instar V nymph (Plate XXXVIII, fig. 4). -Length on slide :-*83 mm. 
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It resembles the fifth instar nymph but differs as follows Bach antenna are 
•31 mm. long, five-segmented, segment fifth longest, being -12 mm. and segment 
third is second longest, being '08 mm. Trochancter absent. Tibio-tarsal articula- 
tion lacking. „ „ . _ 

Third instar nymph (Plate XXXVIII, figs. 3, 3a, 3ca, 3cp).-Length on 

slide -58 mm. 

Resembles the fourth instar nymph but differs as follows Smaller ; each 
antenna (Hate XXXVIII, fig. 3a) three-segmented, *16 mm. long, third segment 
longest, being '12 mm. with two sensoria on its lower side, one medial, other post- 
medial (Plate XXXVIII, fig. 3a. s). Wing-pads smaller and do not overlap. 

Arrangement of circular pores pyriform (Plate XXXVIII, fig. 3cp). Chi- 
tinized areas as indicated in the figure (Plate XXXVIII, fig. 3). 


TRIOZA FLETCEER1 Craw. (Sub-family : triozxnas.) 

(Plate XXXIX.) 

Material . — Eggs and nymphs were collected between 17th of November 1926 to 
26th January 1927, (Coll. K. A. R.) from the leaves of Trewia sp., Imperial Agricul- 
tural Research Institute, Pusa. 

The mature gall, (Plate XXXIX, figs. 6, 6a). Galls generally occur in groupo 
which are very irregular in outline. An individual gall is a flask-shaped structure. 
A larger portion of the gall projects towards the upper side of the leaf and due to 
swelling up of the leaf-veins is very much corrugated and rough (Plate XXXIX, 
fig. 6). The upper portion which shows as a slight depression towards the lower- 
side of the leaf is smooth and is clothed in thick whitish pubescence. It is this 
upper portion that contains a longitudinal slit which towards the termination of the 
nymphal period, opens out wide enough to allow the escape of the full grown nymph. 
The interior of the gall is smooth. 

The egg (Plate XXXIX, fig. 7).— The eggs are laid singly on the leaves of 
Trewia sp. Each egg is anchored by means of a stalk-like process situated at its 
basal extremity. After eclosion their whitish shells remain attached to the leaves 
for a considerably long time. 

The egg is thick and blunt at its basal portion but tapers towards its distal 
extr emi ty where on its convex side it is strongly curved and terminates in a twisted 
bristle. 

Nymphal colouration and wax production.— The nymph is whitish in the first 
four instars but whitish-yellow in the fifth instar. Eyes, however, remain brick-red 
in all instars. Wax-production is very profuse in all stages. During life sectasetse 
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are mounted with long waxy tubes (Plate XXXIX. fig. 5b), while the circum- 
anal pore ring produces waxy material which surrounds the honey-dew globule. 
The floor of the gall is always littered with these honey-dew globules covered 
with wax. 

Moults .— Four moults take place within the gall and the fifth one outside on 
the leaf. 

Injury .- — After the escape of the nymph, galls become woody. 

Description of the nymphal instars of T. fletcheri Craw. 

Fifth instar nymph (Plate XXXIX, figs. 5, 5a, 5ss, 5b, 5t, 5d, 5v, 5ca, 5p ; 
Plate XL, fig. 5). — Length on slide 1*66 mm. including sectasetse ; and 
1*61 mm. excluding sectasetm. 

The nymph of the triozine type with body oval marginally fringed with closely 
spaced sectaset© mounted on tubercles (Plate XXXIX, fig. 5ss), and with minute 
points (Plate XXXIX, fig. 5d). 

Head distinct, rounded in front and on the sides, posteriorly truncate and 
marked off from the thorax by means of a transverse membranous groove. Derm 
of head heavily chitinized dorsally but ventrally smooth and thickly beset with 
minute points (Plate XXXIX, fig. 5d). Eyes small, globular, and many facetted. 
Each antenna (Plate XXXIX, fig. 5a) five jointed, situated on the ventrum of the 
head well back from its margins. Each antenna '2i mm. long, first segment longest 
(*11 mm.) tapering and just reaching the margins of head, second, third, and the 
fourth segments small, ring-shaped ; fifth segment second longest, being ‘09 mm. 
long. Six sensoria (Plate XXXIX, fig. 5a. s==sensorium) on the lower side of each 
antenna are situated as follows : two on the first, one on the second, one on the 
tourfck and two on the fifth. Last segment imbricate and furnished with two setae 
as shown in the figure. 

Derm of thorax dorsally chitinized but ventrally membranous. Just below each 
hind coxa there is a papilla (Plate XXXIX, fig. 5v). All femora just reach 
margins of the body. Trochanter lacking, ti bio-tarsal articulation present (Plate 
XXXIX, fig. 5t) ; tarsi without claws, pulvillus curious-looking structure being in 
the form of a circular pad which is useful in locomotion. There is a single golf- 
club-shaped seta present on the dorsal side of each tarsus (Plate XXXIX, fig. 5tg). 
Just about the tibio-tarsal articulation there are on the lower aspect two long setae 
reaching about the middle of tarsi (Plate XXXIX, fig. 5t. s'). Wing-pads chiti- 
nized, their humeral angle produced forward to about the middle of eyes. 

Derm of abdomen, excepting for small membranous areas at the base, heavily 
chitinized dorsally but ventrally membranous throughout and thickly beset with 
minute points (Plate XXXIX, fig* 5d), Anus, set well back from the tip of the 
abdomen, is surrounded with a continuous circum-aual pore ring which is made up 
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of oval pores (Plate XXXIX, fig. 5p) enclosing within another row of minute 
pores (Plate XXXIX, fig. Sea; Plate XL, fig. 5). 

Fourth instar nymph (Plate XXXIX, figs. 4, 4a) —Length on slide : — *92 mm. 

In general characters it resembles the fifth instar nvmph but differs as 
follows : — 

Each antenna (Plate XXXIX, fig. 4a) *09 mm. long, four- segmented, segment 
second with a sensorium on its ventrum and the fourth segment longest with 
two sensoria on its low T cr side. Each antenna slightly pass the margins of head. 
Tibiotarsal articulation absent. 

Third instar nymph (Plate XXXIX, fig. 3).— Length on slide *62 mm. 

Resembles the last stage nymph but differs in having each antenna *07 mm. 
long, three-segmented with two sensoria on the underside of the second and 
third segments and wing-pads smaller. 

Second instar nymph (Plate XXXIX, fig. 2). — Length on slide : — # 39 mm. 

Each antenna *04 mm. long, two segmented ; wing- pads smaller but quite 
distinct. Papilla absent. In other respects it is identical with third instar nymph. 

First instar nymph (Plate XXXIX, fig, I). — Length on slide : — *24 mm. 

Each antenna *03 mm. long, ringed but proper segmentation not clear. "Wing- 
pads represented by chitinous sclerites. Abdominal segments distinct and dorsally 
chitinized. In other characters it resembles second instar nymph. 


Note : — According to Ferris [1925] sectasetse “ occur characteristically in the triozinae — ” and 
*• are apparently modified setse and are associated with, if not responsible for, iho formation of the 
slender waxen threads that are characteristic of the nymphs of many of this sub-family 

Summary. 

The classification on the family psyllidae by Crawford and its nympha! 
types proposed by Ferris have been discussed and a new type has been added to 
the two proposed by Ferris. 

A list of Psyllid nymphs so far fully described is given. 

The nymphal forms of five Indian psyllid as, viz. 1. Pauropsylla tuberculata 
Craw , 2. Pauropsylla depressa Craw., 3. Tenaphalara elongate Craw., 4. Arykdna 
punctipennis , Craw# and 5. Trioza jletcheri Craw, are described and figured. 

The microscopic examination of the nymphal forms revealed a number of new 
structures for which special nomenclature had to be devised, 
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. , Explanation of Plate XXXVI. 

Immature stages of Pauropsylla tuherculata Craw. 

1* — First instar nymph. 

L% Antenna of first instar nymph showing position of the two a eke. s. sensoriura. ss. 
apical seta. 

l s. *— -Margin of body of first instar nymph showing enlarged lanceolate set®, 

l t. Tarsus of first instar nymph showing golf-club-shaped setae and fan-shaped pulvillus. 

2. — Second instar nymph. 

2a.— Antenna of second instar nymph, ss. apical seta. 

2ca.— Circum-anal pore ring of second instar nymph. 

3. -— Third in star nymph. 

3a.— Antenna of third instar nymph, ss. apical seta. 

3ea. Circum-anal pore ring of third instar nymph, 

3p.- Types of pores of circum-anal pore ring. 

4. -— Fourth instar nymph. 

4a.— Antenna of fourth instar nymph, ss. apical seta. 

4ca.— Circum-anal pore ring of fourth instar nymph. 

4p. — Types of pores of circum-anal pore ring (magnified). 

5. — Fifth instar nymph. * 

5a. — Antenna of fifth instar nymph, s. sensorium i" — Se * a ^ owel s ^ e * 

L 5ss i » >» upper side, 

5t. — Terminal portion of the leg of the fifth instar nymph showing tibia! seta) (fits); and claws. 

5tg. —Golf -club-shaped setae. 

fica.— -Circum-anal pore ring of fifth instar nymph. 

5p.— Types of pores of circum anal pore ring (magnified). 

5m.— Minute points. 

6*: Under surface of leaf of Alsionicc scholaris showing galls. 

6g. — The gall. • 

6gt.~~ Top of gall showing aperture of exit. 


— (1925). „ „ | 

— (1926). „ „ fi 

(1928,1). „ „ I 

0928,2). „ „ i 

Fletcher, T. Bainbrigge (1914). 


Grove & Gosh 

Ivlyver 

Lefroy 
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7. — Eggs on young leaf of Alstonia scholaris. 

7e. — Edge of leaf showing attachment of egg. 

7es.-~ Egg — fron t view. 

7et. — Egg— side view — showing longitudinal groove. 



Explanation of Plats XXXVII. 

Immature stages of Tenaphalara elongata Craw. 

2. — Second instar nymph. 

2a. — Antenna of second instar nymph. 

2ea. — Circum-anal pore ring of second instar nymph. 

2pd. — Pouch-like dilatation of second instar nymph . 

X — Third instar nymph. 

4. — Fourth instar nymph. 

4t. — Tarsus of fourth instar nymph showing golf-cluh-shaped setse and claws. 

5. — Fifth instar nymph. 

5a. — Antenna of fifth instar nymph. 

5as. — Sensoria on the antenna of fifth instar nymph. 

St.— 1 Tarsus of fifth instar nymph showing golf-club-shaped setm (5tg) ; and claws. 

5ca. -—Circum-anal pore ring of fifth instar nymph. 

5c.— Circular pores of the chitini zed areas of the fifth instar nymph, 

51. - Lanceolate seta (magnified). 

5e.— Tip of abdomen of fifth instar nymph showing long waxy filaments with the stalked 
bubble. 


Explanation of Plate XXXVII L 

Immature stages of Arytaina punctipennis Craw. & PauropsyUa depressa Craw. 
3* — Third instar nymph of Arytaina punctipennis Craw. 

3a. — Antenna of third instar nymph of Arytaina punctipennis Craw. 

3ca. — Circum-anal pore ring of third instar nymph of Arytaina punctipennis Craw. 

4. — Fourth instar nymph of Arytaina punctipennis Craw. 

5, — Fifth instar nymph of Arytaina punctipennis Craw. 

5a. — Antenna of 5. 

5b.— Margin of body of 5, showing the three types of setse. 

Sts. — Thorn-like setae from the ven train of abdomen of 5. 

5s.— Simple setae from the ventrum of abdomen of 5. 

5t.— Tarsus of 5, showing golf-club-shaped seta? (otg) ; and claws. 

5ca. — Double circum-anal pore ring of 5. 

5cp.— Circular pores of 5. 

od. Fifth instar nymph of PauropsyUa depressa Craw. 

5da. — Antenna of 5d. s. sensorium. 

5di— Terminal portion of the leg of 5d. showing pulvillns (5dp) ; golf-club-shapet 
and thorn-like setne (5dg). 1 

5db. — Palmate setae of 5d. 

5ds.— Simple setae from dorsum of 5d. 

5dm. Spine-like setae from ventrum of abdomen of 5d. 

5dca —Double circum-anal pore ring of fid. 


PLATE XXXVII 
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Explanation of Plate XXXIX 

Immature stages of Trioza fletcheri Craw, 

1. — First instar nymph. 

2. — Second instar nymph. 

3. -— Third instar nymph, 

4. — Fourth instar nymph, 

4a. — Antenna of fourth instar nymph, s, sensorium. 

5. — Fifth instar nymph. 

5a. — Antenna of fifth instar nymph, s. sensorium. 

5ss. Margin of body of fifth instar nymph showing enlarged sectasetse. 

5b. — Waxy tubes mounted on sectasetse. 

5 1.— Tarsus of fifth instar nymph showing golf-club-shaped seta (Stg) ; and pulvillus. 
5d.— Minute points (magnified), 
ov. — Papilla. 

5ca. — Anal opening with double circum-anal pore ring. 

5p. — Types of pores of outer circum-anal pore ring. 

6. - — The gall side view, 

6a. — Upper surface of a leaf showing top portion of gall. 

7»~Egg. 


Explanation of Plate XL. 

(Arrows point to the specified structures.) 

Fig. 1 Photograph of the circum-anal pore ring of the fifth instar nymph of Pauropsyll® 
tuberculata Craw. 

Fig. 2.- ‘Photograph of the circum-anal pore ring of the fourth instar nymph of Pawropsylla 
depressa Craw. 

Fig. 3.— Photograph of the circular pores of the abdominal chitinized areas of the fifth instar 
nymph of Tenephalara clongata Craw. 

Fig. 4. Photograph of the circum-anal pore ring and the semi-circularly arranged pores of the 
fifth instar nymph of Argtmna punctipennis Craw. 

(Inner pores are visible in either case.) 

Fig. 5. ‘Photograph of the circum-anal pore ring of the fifth instar nymph of Trioza fletcheri 
Craw. 





EFFECT OF MOSAIC ON THE TONNAGE AND THE JUICE OF 
SUGARCANE IN PUSA, PART II. 


W. McRAE, M.A., D.Sc., F.L.S., I.A.S. 

Imperial Mycologist , Pusa . 


(Beceived for publication on the 4th April 1932). 

In continuation of last year's experiment recorded in this Journal * thirty-two 
plots each 5 by 66 yards were laid down in adjacent pairs half of them with mosaic- 
free and half with mosaic cane in the order mosaic-free, mosaic, mosaic, mosaic-free, 
and so on. 

The area was good, even, heavy land suitable for growing sugarcane and its 
parts had been subject to the same field rotation in previous years. Immediately 
before this year the crop it held was sugarcane. The planting was done on the 26th 
and 27th February 1931 under my direction and the cultivation by the Imperial 
Agriculturist according to the usual practice on the farm. Castor cake at the rate 
of 25 maunds per acre was given at the time of planting. Planting was eye to eye 
and the shoots came up freely on all plots. 

{a) Mosaic cane . — The sets were cut from canes whose leaves showed mosaic 
markings at the time of harvest, so this cane was definitely known to be mosaic- 
infected. 

(b) Mosaic-free cane . — The sets were cut from cane that, from frequent observa- 
tions during the growing season, was known to be entirely free from mosaic disease 
and at the time of harvest had no mosaic markings on the leaves. Thus the cane 
was definitely known to be mosaic-free when planted. 

During the season 1931-32 a small amount of infection spread to the mosaic- 
free plots and 22 clumps were found to have the disease, four plots having one 
clump each, five having two each and one having eight. Such small numbers 
would have an effect quite inappreciable in the weighments of the plots. This small 
spread to healthy cane, in plots in such close juxtaposition to mosaic-infected cane 
as these are, indicates how few and how inactive insects were this season in spread- 
ing the disease. 

* Indian Journal of Agricultural Science , Vol. I, Part V, October 1931, pp. 527—533, 
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On the 15th April and the 14th May the number of shoots was counted and the 
percentages calculated on the number of buds on the sets planted taking three buds 
to a set. The percentage germination after six weeks and ten weeks is as follows : — 

Table I, 


Percentage germination . 



T 

F* 

1 

1 

4 

5 

8 

9 

12 

13 

16 

17 

20 

21 

24 

25 

28 

vKmmssstssm 

29 

32 


Plot No. 

M* 

2 

3 

, 

6 

l 7 

'i 

10 

11 

14 

15 

18 

19 

22 

23 

26 

27 

30 

31 

Mean 

15-4-31 i 

F 

75 

69 

73 

70 

70 

60 

65 

61 

59 

67 

i 

; 

56 

57 

48 

53 

50 

55 

62 

( 

M 

58 

54 

48 

47 

46 

49 

54 

51 

51 

48 

48 

• 

51 

58 

50 

■ 

53 

' 51 

51 

14-5-31 ^ 

F 

81 

88 

100 

86 

86 

75 

67 

78 

59 

75 

84 

61 

53 

65 

53 

61 

73 

( 

M 

83 

67 

84 

67 

72 

61 

56 

52 

52 

50 

51 

71 

71 

63 

67 

75 

65 


After the two periods the means of the mosaic plots were 11 and 8 per cent, 
below those of the mosaic-free plots respectively, but there is no correlation between 
the germination and the yield of the plots. The co-efficient of correlation works j 

out in each case to a value which has no statistical significance. 

From the middle of April the cane was attacked by the shoot-borer, Scirpo- 
phaga nivella. On the 14th of May and of June the bored shoots were counted and 
removed, after which very few other shoots became bored. The percentages of 
shoots bored in each plot is given in Table II. The high infection of Scirpophaga 
nivella early in the season was, I think, due to the fact that stubble of an adjacent 
field in which sugarcane was grown in the previous season was not thoroughly X 

cleaned of stumps. Scixpophaga was found on the volunteer shoots that came up in 1* 

March and April and probably passed from them to the cane in this experiment, thus j 

indicating that one of the most important items in good cane cultivation with a f 

view to reduce borer attack is early and clean cultivation of the previous year's | 


* F indicates mosaic-free plots and M mosaic-infected plots. 



Total 


F represents mosaic-free plots and M mosaic 
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cane-stubble. That this can be done is shown by the fact that not one volunteer 
plant came up in these experimental plots though cane followed cane. 

Table II. 

Percentage of borer attach in May and June. 


June 


The differences have no statistical significance. The attack was evenly distri- 
buted over the plots so that relatively one plot did not suffer much more than 
another. Henceforward the attack subsided and new shoots sprang up presumably 
mostly tillers so that by the beginning of August the stand on all the plots appear- 
ed to be good and even. 
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No damage was done by cane diseases caused by fungi as there were no stem 
diseases and the leaves were remarkably free from spots and there was none caused 
by animals, the field being surrounded by a jackal and porcupine-proof fence. At 
harvest time the plots were examined under the direction of the Imperial Entomolo- 
gist and Table III gives the percentage of insect infection. Not every cane in the 
whole experiment was examined but from six to twelve hundred canes in each plot, 
usually those in one or two rows. 

Table III. 


Percentage of insect infection at harvest 



The top-shoot borer is Scirpophaga nivella Pabr. 5 the stem -borers are Argyria 
sHcticmspis Hmpsn., Diatmea venoseta Swinh., and Chib zonellus Swinh., and the 


root borer is Emmalocera depressella Swinh. 

The mean difference in each case is small and has no statistical significance, so 
that whatever loss was caused by these insects was so evenly distributed that it did 

# F represents mosaic -free plots and M mosaic-infected plots. 
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not have any effect on the difference of the mean tonnage of the plots. The bored 
shoots were not weighed separately as such a task was beyond the powers of the 
staff while harvesting. 

The vicissitudes of this experiment show how nearly it was destroyed by the 
attack of insects. The plots were no worse off than other cane plots on the farm 
and indeed they compared favourably in appearance with the best on the farm and 
in the surrounding country. Insect attack on cane does an amount of damage in 
North Bihar far greater than is generally realised and the position calls for much 
greater effort in investigating the habits of these insects with a view to devising 
means of reducing the loss they cause which falls almost entirely on the grower. 

Samples of cane were taken between the 22nd and 26th of February 1932 for 
analysis. The sample from each plot consisted of seven feet of cane taken at 
random from each of four lines, and the cane was crushed in the same bullock- 
driven, three-roller, iron mill as was used last year. The analysis of the juice was 
fur nish ed by the Imperial Agricultural Chemist, and the details are as follow’s - 

Table IV. 

Suqarcane tonnage plots 1931-32, mosaic-free versus mosaic, samples taken from 22nd-26ih 

February 1932. 



Brix corrected 


Sucrose 
per cent. 


Glucose 
per cent. 


I urity 
per cent. 



04'8 19*47 18*47 16*34 15*21 

64*4 18*98 18*71 16*05 15*75 

62*5 18*75 18*31 15*45 14*87 

64*2 19*27 18*97 16*07 15*77 

65*2 19*44 19*05 16*42 16*01 

65 19*62 19*29 16*55 . 16*16 

05*6 18*77 18*77 15*52 15*60 

04*2 19*64 18*51 16*57 15*28 

64*1 19*01 18*65 15*73 15*23 

64*4 19*37 18*63 16*32 15*15 

65*1 19*17 18*51 16*15 15*14 

63*5 19*62 19*24 16*48 16*15 

65*5 19*72 19*24 16*73 16*14 

65*6 19*64 17*60 16*46 14*06 

62*5 19*91 19*38 17*07 16*35 

19*75 19*45 16*12 10*80 

19*38 18*80 16*27 15*60 

— •58 —-67 


* F indicates mosaic-free plots and M mosaic-infected plots. 


65*5 19*72 19*24 16*73 
65*6 19*64 17*60 16*46 


*65 *59 
*55 *63 
*60 *75 
*60 *82 
*50 *63 
*53 *57 
*51 *51 
*58 *85 
*47 *50 
*50 *52 
*587 *613 


84*18 
81*20 
83*15 
84*02 
83*79 
83*12 
82*53 
81*64 
' 81*34 
81*82 
83*94 
83*90 
| 79*92 
84*36 
86*38 
83*09 
*75 ~~ 
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The hydrogen-ion concentration of the juice was taken immediately it was 
extracted from the cane, by the quinhydrone method using E-type potentiometer, 
and the values are given in Table V. The mean difference is within the limits of 
the error of experiment and so has no significance. 

Table V, 


Hydrogen-ion concentration of juice. 


Plot 

Nos. 

p* 

M* 

1 

2 

4 

8 

5 

0 

8 

7 

9 

10 

12 

11 

13 

14 

! 

| 16 

15 

17 

18 

20 

19 

21 

22 

24 

23 

25 1 

26 

28 

27 

29 

30 

32 

31 

Mean 


F 

5*85 

5*78 

5'85 

5*80 

5*83 

5*72 

5*82 

5*82 

5*87 

5*81 

5*87 

5*81 

5*75 

5*81 

5*78 

' 

: 

5*85 

i 5*81 


M 

5*80 

5*76 

5*77 

5*88 

5*77 

5*85 

5*83 

5*83 

5*74 

5*83 

5*84 

5*83 

5*88 

5*91 

5*72 

5*84 

5*82 


At the time of harvest between 22nd and 29th February 1932 three yards of 


cane from the ends of the rows and the extra plots at the two extreme sides were 
removed to eliminate edge effect. Then ten yards from the end of each plot were 
dealt with separately in order to get a length the same as in last year's experiment. 
As it worked out the length of 60 yards gave no better result than that of 50. 
Thus there were left, in each plot five rows of cane in an area five yards by fifty 
yards. The weights in maunds of stripped cane from the plot are as follows, one 
maund being equal to 82*28 pounds avoirdupois. 

Table VI. 


Weight in maunds of stripped cane . 


F* 

M 

Mosaic-free 

Mosaic 

I 

2 

38*71 

33-60 

4 

3 

47*32 

40*57 

5 

6 

45*10 

34-61 

8 

7 

44*32 

36*96 

9 

30 

44*30 

38-61 

12 

11 

45*76 

38*94 

13 

14 

44*72 

34*36 

16 

15 

44*25 

35*31 

17 

18 

43*27 

37*56 

20 

19 

47*28 

38*46 

21 

22 

42*50 

38*00 

24 

23 

48*27 

39*71 

25 

26 

46*22 

44*28 

28 

27 

47*19 

39*13 

29 

30 

44*04 

40*53 

82 

31 

44*20 

40*15 

Mean ..... 

44*84 

38-17 


Difference .... 6*67 or 14*8 per cent. 


* F indicates mosaic-free plots and M mosaic-infected plots. 
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The statistical figures to determine the significance of the difference in yield 
between the series of pairs of plots are summarised below : — 


Co- 213 

Mean 

difference 

Standard 

deviation 

| Student’s method 

Mean 

difference 

Standard 

deviation 

Odds 

Cane * 

• 

• 

6-67 

2*39 

2*8 

Very great 

Juice . , . ' 


- 

8 

10-7 

*75 

170 i 1 

Percentage juice to cane 


• 

*4 

1 

*4 

7 : 1 

Brix . 


- 

*58 

•15 

3*8 

Very great 

Sucrose . 


• 

*67 

*50 

1*3 

9999 : 1 

Glucose , 


• 

•026 

*08 

*32 

6:1 

Purity . . • 

* 

* 

*75 

1*81 

*41 

13: 1 


Thus the differences of weight of cane, weight of juice, brix and sucrose are all 
statistically significant but not those of percentage of juice to cane, glucose and 
purity. This year then the loss in weight of stripped cane was 14 -8 per cent., while 
the quality of the juice had deteriorated as shown by a small decrease in brix and 
sucrose. The loss in such conditions therefore would be about 15 per cent, of cane 
to the grower and 4 per cent, of sucrose to the manufacturer. . 

Examined during July 1931 Co. 213 cane on eight estates scattered fairly regu- 
larly along a line of 120 miles showed by count an average infection of '2 per cent, 
with a range from 0 to 4 per cent., and this is still a low level of infection. So far 
the disease has caused only a small loss to the sugar industry in North Bihar but the 
analysis of this year’s experiment shows how great that loss may become if mosaic 
disease were to spread to any great extent. 

Summary. 

In sixteen pairs of plots, each 5x50 yards, after removing cane to elimin ate 
edge effect, mosaic-infected Co. 213 cane was 11 per cent, less in germination after 
seven weeks, 14*8 per cent, less in yield of stripped cane, 89 per cent, less in yield 
of juice, slightly less in brix and 4 per cent, less in sucrose than mosaic-free cane. 
A slight increase in glucose and decrease in percentage of juice to cane and in purity 
were not statistically significant. 
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I. Introduction. 

Attempts to obtain crosses between the white large seeded ‘ Kabuli 5 gram 
and the red or brown seeded ‘ Desi ’ gram have often met with failure. With 
great difficulty a few hybrid seeds were obtained from crosses between Pusa type 1 
and Pusa type 25, and from crosses between type 2 and type 18. [Shaw, 1925] 
The setting percentage in these crosses was very low. The Fj and subsequent 
generations were grown in the following years. Some very interesting results 
were obtained in this genetieal study. Many new forms widely different from 
the parents made their appearance. The interpretation in F a and F 3 populations 
on the basis of segregation and interaction of factors proved a very complex 
problem in Mendelian inheritance. 

The rapid progress in this genetieal study of the crosses between ‘ Kabul i’ 
gram and ordinary gram types awakened the realization that to understand 
more clearly the mechanism of heredity, a eytologicai knowledge of the material 
was essential. Differences found between the chromosome numbers of the giant 
mutant and gram type 22 from which the mutant has arisen [Dixit, 1931] gave a 
further impetus to carry on this investigation. 

385 
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Therefore a cytological study of the parent types 1 and 2— the large white 
seeded £ Kabuli" types — and types 18 and 25 the ordinary gram types was undertaken. 
The results of this investigation together with a discussion as to the desirability of 
treating £ Kabuli " gram as a distinct species are included in this paper. 

My heartfelt thanks are clue to Dr. F. J. F. Shaw, Imperial Economic Botanist, 
Pusa, for his guidance and to Mr. R. D, Bose, Special Research Assistant, for 
his constant help during the progress of the work. 



II. Material and methods. 

For studying the diploid number of chromosomes, seeds of Pusa types 1 and 2, 
the c Kabuli " gram types, and 18 and 25, the ‘ Desi " gram types, were germinated. 
Their root-tips when about 1 cm. long after germination were cut and fixed 
between 12 and 1 o "clock in the noon in Allen s modification of Bouin’s fluid, 
This fixative (picric acid, saturated solution in distilled water 75 parts, formalin 
15 parts, glacial acetic acid 10 parts and urea 1 part) was found to be the most 
suitable for such studies ; it penetrates rapidly fixing equally well at the centre 
and the periphery. The material was kept in the fixative over night and then 
washed and dehydrated in grades of alcohol rising from 20 per cent, by 5 to 90 
per cent, and absolute. Clearing was done in grades of xylol and the material 
was embedded in 52°~ 56° paraffin. Sections 10 to 12 (jl thick were cut and stained 
according to Haidenbain s iron-alum-haematoxylin methed. Chromosome counts 
were made in the metaphase stage in all the types. To confirm the results 
of the counts made in the somatic cells, it was considered advisable to find out 
the haploid number of chromosomes as well. For this purpose smears of pollen 
mother cells according to modified smear method [Dixit, 1931] were made. But 
the preparations were stained in Delafields Haematoxylin according to Milt.on"s 
Schedule [1929] and the results obtained were better than the previous. 


III. Diploid number of chromosomes. 

The only work on the cytology of Cicer arietinum L. to which I have found 
any reference in literature is that of Dombrowsky-sludsky [1927]. He studied 
the somatic chromosomes and stated that the number and form of chromosomes in 
Cicer arietinum L. is the same as in Visum sativum (14). They are smaller in 
the former and one pair of chromosomes has acolytes (satellites). Ran [1929] has 
also made a reference to the somatic chromosome number in Cicer arietinum. 
He, confirming the results obtained by Dombrowsky-sludsky, states that a remark- 
able feature in the rapid and enormous increase in the size of the nucleolus in 
early prophase stages, with a subsequent reduction in the size as the chromosomes 
complete their growth— indicating that the nucleolus prepares or provides material 
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for the growth of chromosomes. Ran has made no mention as to the variety 
of gram in which he made the chromosome counts— whether it was 4 Kabuli 5 or 
c Desi 3 type of gram — and no illustrations are given. The present writer has counted 
the chromosomes in somatic cells of the root tips in Pusa types 1, 2. 18 and 25 
and found that in types 18 and 25 ; which are the commonly cultivated types 
of 4 Desi 3 gram, the diploid number of chromosomes is 14 (Plate XLI, figs. 1 and 2) 
as stated by Dombrowsky-sludsky [1927] and confirmed by Ran [1929]. Rut 
in types 1 and 2 the 4 Kabuli 5 gram types the diploid number of chromosomes 
was found to be sixteen (Plate XLI, figs. 3 and 4), instead of fourteen as reported 
for the ordinary gram types. The presence of eight pairs of somatic chromosomes 
in 4 Kabuli 3 types 1 and 2 is quite clear from figures 3 and 4 as observed in the 
metaphase stage. It has not been possible to find out which particular extra 
pair of chromosomes is present in 4 Kabuli 3 gram and absent in the : Desi 3 gram. 
There appear to be 3 pairs of V -shaped chromosomes in both the 4 Kabuli 3 and 
4 Desi 3 gram types, the rest of them being somewhat rod-shaped. One pair of rod- 
shaped chromosomes is definitely longer than the others in all the four types. 


IV. Haploid number op chromosomes. 

No reference could be found in the literature about the haploid number of 
chromosomes in Cicer arietimm or any other species of the genus cicer. In the 
list published by Gaiser [1930] somatic number of chromosomes in Cicer arietimm 
is given, bub no mention is made about the haploid number. The omission is 
perhaps due to the difficulty which is experienced in fixing the floral buds in the 
proper stage. The writer studied the haploid number by making smear prepara- 
tions of the pollen mother cells. It was found that in types 18 and 25, the £ Desi 3 
gram types, the n-chromosome number was seven (Plate XL1I, figs. 5 to 8 and 
9 to 12) which was completely in accordance with the observations made in the 
somatic cells. In types 1 and 2, the 4 Kabuli 3 gram types, it was observed that the 
n-chromosome number was eight (Plate XLIII, figs. 13 to 17 and 18 to 22). This 
confirmed the results obtained from the study of somatic cells and it was established 
that the number of chromosomes in £ Kabuli 3 gram was greater than in the 4 Desi 3 
gram types. The counts were made at the first as well as the second division of the 
pollen mother cells. A few stages showing the reduction division have been given 
in Plates XLII and XLIII, but no effort has been made to study the Miosis in 
detail 

V. Discussion, 

The existence of remarkable differences between the 4 Kabuli 3 and the ordinary 
cultivated varieties of gram has long been recognised by various workers — plant 


& 
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breeders as well as the taxonomists. Howard, Howard and Khan [1915] state that 
the large ‘ Kabuli 3 gram types stand out quite clearly from the rest of the crop as 
cultivated under field conditions in India. They have a light foliage, white or 
whitish green flowers and are considerably taller with larger leaves and leaflets than 
the country crop. Their seeds are much larger than that of ordinary gram and are 
always whitish in colour. Watt [1908] has gone so far as to state that besides the 
common cultivated Indian gram types there is a very special variety, or perhaps a 
distinct species known as ‘ Kabuli 3 gram, which has experimentally been grown in 
India for a century or more. He remarks that 1 Kabuli 3 gram plants are much 
more robust than the ordinary gram and have large white seed. It is apparently 
a form, peculiar to the country indicated by its name and has perhaps been im- 
ported into India very recently. Its poor distribution and scanty cultivation in 
India strongly support this view. From the first developmental stages to the last, 

‘ Kabuli 3 gram shows remarkable differences from the ordinary gram types. The 
seed germination tests that have been carried on from time to time at Pusa, show' 
that the 4 Kabuli 3 gram types take 3 to 4 days to put forth the radicle, while the 
ordinary gram types begin to germinate within 1 to 2 days. The £ Kabuli 3 gram 
types are decidedly late in maturity as compared with other types and have a 
longer growing period. Percentage of sterile pods is also greater in these forms and 


the plants, leaves, leaflets, flowers, pods and seeds and the constant whitish colour 
of the flowers and seeds in * Kabuli 3 gram, form a strong basis for treating it as a 
species quite distinct from Gicer arietinum L. 

The difficulty with which crosses can be made between the ‘Kabuli 3 and 
ordinary gram types and the low fertility in some of their hybrids, fulfils another 
criterion for placing £ Kabuli 3 gram in a separate species. 

The result of the present cytological study of the ‘ Kabuli 3 gram and • Desi 3 
gram afford another weighty argument in favour of the above views. The diploid 
number of chromosomes is sixteen in the ‘ Kabuli 3 gram instead of fourteen as re- 
ported for Gicer arietinum L. [Dombrowsky, 1927] and similarly the haploid 
number in ‘ Kabuli gram is eight and not seven as found out in the case of 
ordinary gram. The importance of chromosome numbers in taxonomic studies 
cannot be underestimated. _ They are of great value in investigations on natural 
grouping and the relationship of species within a genus, and have been utilised 
with advantage by Heilborn [1922] in his studies on the species formation and 
phyloganyinthegenusCarex, by Babcock and Navashin [1930] in their account 
of the genus Crepis. Compared with other morphological characters chromosomes 
have the advantage that they can be more objectively judged. They are further 
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moie of special importance in species studies, as they are the carriers of hereditary 
characters. 

It can not he definitely said whether the ‘ Kabuli J gram types grown in India 
^ a\e spiung up iiom a stock originally cultivated or wild in India or have been 
imported from the country indicated by their name. But, from the study of 
the Gigas mutation in gram type 22 [Disit, 1932] one thing appears very probable 
t iat the • Kabuli 5 gram with large white flowers ar.d seeds might have originated 
as a chromosomal mutation from some small white grained variety of gram. The 
‘Kabuli ’ gram like the Gigas mutant has large plants, with large leaves, leaflets, 
owers, pods and seeds. The chromosome number is also similar in both, the 
diploid number being sixteen and haploid being eight. Thus the idea, that large 
white seeded ‘ Kabuli ’ gram with 16 chromosomes might have originated as chromo- 
somal mutation from a small white seeded gram type with 14 chromosomes, is not 

far fetched. This case is very similar to the observed case of Gigas mutant arising 
from gram type 22. 

The cytological evidence w r hen put together with the remarkable differences 
in size between Kabuli and ! Desi ’ gram types, seem to point to the conclusion that 

a u i gram may be treated as a distinct species from Cuter arietinum L. It 
may be called as Cicer Kabulium and placed as a separate species in the section 
Arietaria of the genus Cicer (Engler and Prante ). 

VI. Summary and conclusion. 

1. The diploid number of chromosomes in ‘ Kabuli ’ gram is sixteen, instead of 
ourteen, as observed in the ordinary cultivated forms of Cicer arietinum L. 

2. The haploid number of chromosomes is similarly 8 in ! Kabuli J gram and 
seven in ordinary types of Cicer arietinum. 

3. A mutational origin of the white large seeded 1 Kabuli ’ gram from white 
small seeded varieties of gram is indicated. 

4. The cytological evidence coupled with the genetical evidence and differences 
m taxonomic characters point, to the conclusion that ‘ Kabuli ' gram be treated as a 
distinct species from Gioer arietinum L. 

. 5 ‘ „ ‘ Katmli 9 types may be placed in the species to be named Gioer Kabu- 

wm sec tion Arietaria of the germs Cicer and distinguished from other 

specieb of the group by its large white flowers and large white seeds, having 16 
diploid and 8 haploid chromosomes. 


VII. REFERENCES. 

Babcock, E. B. and NavasMn, M. (1930) Bibliographica Genetica, VoL VI, p. 2-90. 

Dixit, P. D. (1931, 1). Report of the Imperial Economic, 1929-30, p. 25-26. 

--—(mi, 2). Ind. J. Jgric . S c i., 1, part IV, p. 419-433. ; II, I art 1 V. j, , 91—407. 
DomWshy.slndskj, L. (1927). J. Soc. JBct. fiussic 12, p. 162-72, Alst. Bot. Cenirbl. 
IN . j . 13, p. 66. 


E 



INDIAN JOURNAL OR AGRICULTURAL SCIENCE 


Gaiser, L. 0^3930). Bibliograph ica Gone tic a, V ol. VI, p» I7I*4bt>. 

Heilborn, Otto. (1922). Mereditds 9, p. 245*246. 

Howari A., Howard, G. I : C. and Khan, A. R. (1915). 4^. iVL, Ho*. Her. % 

Ho. 6 p. 225*233. 

Milton, J. W. (1929) CJniv. Calf., Publ., Yol. 14, p. 345—362. 

Ean, N. S. (1929). J. Lid, Lot Hoc . 8, Ho. 3, p. 201*206. 

Shaw, F, J. F. (1926), Keport o£ the Imperial Economic Botanist, 1925-26, p. 22* 

Watt, G- (1908). The Commercial products of India, p. 296. 

Webbs, J. M. (Uj£9), Univ. California,, Publ. Botany, Yol. 14, Ho. 15, p. 345-352. 

VHX Explanation of Plates. 

^ All the figures' in plates XLI, XLXX and XLIII are based on preparations of material in Allen's 
modification of Bonin’s fluid and stained in iron - alum-h ami a toxylin in (plates XLI and in Delifields 
hsematoxylin in plates XLII and XLIII. These figures have been drawn with the aid ofca- Lieta 
Camera lucida. A Zeiss 1-12 inch homogene immersion objective has been used with K 12 Zeis I 
ocular, thus giving 1500 times magnification. But as the drawings have been macM at the l^Spl of 
the base of the microscope and not at the level of the microscope stage, the magnification is propor- 
tionately greater in all cases. Wherever objective other than X 12 Zeiss has been used, mention 
has been made in , individual explanation of figures. 

Plate X LI. Somatic or diploid number of chromosomes in meta phase stage in ‘ Kabuli * and 

* * DesiMypes of grain. 

Fig. X. 14-chromosomes in type 18 ordinary gram. 

Fig. 2. 14-cromosomes in type 25 ordinary grain. 

Fig. 3. 10-chromosomes in type 1 £ Kabuli * gram. 

Fig. 4. 16-chromosomes in type 2 c Kabuli ’ gram. 

Plate XLII. Reduced or haploid number of chromosomes in * Desi ’ gram types— with some divi- 
sion stage. 

Fig. 5. 7-chromosome in metaphase stage type 18. 

Fig. 6. Second division beginning of anaphase stage type 18. 

Fig. 7. Seven chromosomes in late anaphase type 18 on either pole after heterotypic 
division. 

Fig. 8. Late anaphase and early telophase in homoetypic division type 18. 

Fig. 9. Metaphase 7 chromosomes just separating type 25. 

Fig. 10. Metaphase 7 chromosomes side view type 25. 

Fig 11. Beginning of homoetypic division. Hote 3 long and 4 short chromosome pairs at 
one end type 25. 

Fig. 12. Late anaphase and early telophase of homoetypic division type 25. 

Plate XLIII. Reduced or haploid number of chromosomes in * Kabuli ’ gram types with some divi- 
sion stages. < 

Fig. 13. Beginning of .anaphase heterotypic division type 1. 

Fig. 14. Side view metaphase stage of chromosomes type 1. 

Fig. 15. Advance anaphase of heterotypic division type L 

IV* 17* | ^ na pl lase homoetypic division type 1. 

Fig. 18. Beginning of anaphase heterotypic division note 8 chromosomes type 2. 

Fig. 19. Advanced anaphase heterotypic division type 2. 

Fig. 20. Beginning of anaphase of homoetypic division type 2. 

Fig, 21. Hote 4 long and 4 shorter chrcmcscmes type 2. 

Fig. 20. Homoetypic anaphase advanced type 2. 
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I. Introduction. 

The universality of the phenomenon of gigantism in plants is apparent from 

the pages of nurserymen’s catalogues. The fact that seedsmen are able to offer 
pure seed of giant races, year after year, is sufficient evidence that gigantism is a 
‘fixed 5 character and that giants when self-fertilised breed true to type. The real 

nature of this phenomenon, however, is not clearly understood. 

In many cases like that of (i) Oenothera gigas [ Gates, 1909 ] ; ») Some giaut 
forms of Primula sinensis [ Gregory, 1914 ; Somme, 1930]; (m) Telham beauty the 
gigas form of Campanula percicifolia [ Gairdner, 1926]; (♦») Gian ^ 
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narcissus and hycanthesis [ Mol De, 1922 ] and (v) New world cottons [ Denham, 
1924 ], the gigas nature of the plant is attributed to the doubling of chromosomes. 
This, however, is not always true. All cases of gigantism are not associated with 
tetraploidy. Gregory [ 1909 ] and Keible [ 1912 ] investigated the cytology of the 
gigas and ordinary forms of Primula sinensis and came to the conclusion that there 
is no increase in the number of chromosomes in the giant, but only an increase in 
their size. Similar results were obtained by Tischler [1918] in Ms studies on 
Phragmites co mmunis , Stompes [ 1919 ] from his extensive studies of the semi-gigas 
and gigas forms of narcissus believes that as gigas forms are known to have 
occurred with and without doubling of chromosomes in narcissus and many 
other plants like primula, so such doubling of chromosomes is not the cause of 
giant mutations, hut a character of the mutant. 

Sinoto [ 1925 ] studied another interesting case of gigantism in Planfago. He 
states that P. jafonica is a giant form conspicuously larger than P. major var 
asiatiea. But the number of chromosomes in the giant iB only half that of the ordi- 
nary P. major. The volume of the nucleus is less in the giant, but the cell size is 
about the same in both species. The only difference in the internal structure is 
that the cells are more numerous in the giant than the ordinary form. 

The mutation in Saccharum spontaneim affords another example of gigantism 
[ Bremen, 1928 ]. Here the chromosome number in the nine giant plants studied 
varied between 48—56 instead of being 40 as is the case in the parent variety. 

From the abovementioced cases of gigantism it is evident that the giant form 
may differ from the parent form in a variety of ways. To understand this pheno- 
menon more clearly it is essential to have a thorough knowledge of the environmental 
factors under which the giants arise and also to carry on extensive comparative 
studies of the morphology, histology, cytology and genetics of the giant form and 
the parent type from which the giant is supposed to have arisen. 

In the present paper the author has given some observations on the compara- 
tive morphology and cytology of a giant mutant which first made its appearance in 
gram type 22 in the year 1927-28 [Shaw, 1929]. The role of mutation factor in 
the origin of new species in the genus cicer has also briefly been discussed in the 
following pages. 

I am very much indebted to Dr. F. J. F. Shaw, Imperial Economic Botanist, 
for his guidance and Mr. R. D. Bose, Special Research Assistant, for his constant 
help during the progress of the work. 

II. Origin of the giant mutant in gram type 22. 

Before giving an account of the origin of the giant mutant it will be worth 
while to give a brief history of the parent type from which the mutation has origi- 
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nated. Gram type 22 was isolated by Howard. Howard and Khan [ 1915 ] from a 
seed sample received from Aligarh (U. P.) in the year 1909. They classified it in 
the second group, with plants % leaves , flowers and seeds small and described it as 
follows : — 


“ Type 22. Early, habit erect, leaves light bluish green. Flowers pink ; 
standard light pink, wings slightly bluish. Seeds small dark 
brown/' 

This type was propagated since then from single plant seed as a pure line and 
was breeding true to type. In the year 1927-28 [report * of the Imperial Economic 
Botanist, year 1929] suddenly three plants appeared in this culture which were 
distinctly different from type 22. It appeared to be a case of gigantism as the 
plants and all their organs, leaves, flowers, pods and seeds showed an enormous 
increase over the type. Unfortunately only one of these three plants gave fertile 
seed. 

These seeds were sown in the following year ( 1928-29 ), whole of the progeny 
bred true to the gigas character. At the same time two plants of the giant muta- 
tion type again appeared in the parent culture, but formed no seed. One plant of 
the gigas bind was observed in the year 1929-30 as well. In 1930-31 a large popula- 
tion of type 22 was grown from single plant seed. The seeds were examined before 
sowing to make sure that there was no admixture. But out of this population of 
over a 1,000, five plants of the mutant type were observed. These could be spotted 
out about a month after germination. From this it is apparent that type 22 is in a 
mutable stage. The mutations that have occurred in this type from year to year, 
unlike the mutations in oenothera and datura, are all alike and resemble in exter- 
nal form the giant mutants which appeared first in 1927-28. The giant mutant of 
1927-28 has been propagated since then and is breeding true, no intermediate form 
or forms resembling the parent type have been noticed even in populations of many 
hundred plants of the gigas culture. 

III. Morphology. 

There is an enormous increase in the size of the giant mutation plants and all 
their organs over the parent type 22. In the following pages a comparative 
account of the morphological characters is given. 

(a) Root system— Plate XLV. 

The root systems of the giant mutant and the parent type 22 were examined 
when the plants had begun to flower. The roots were uncovered with a stream 
of water from a knap sack sprayer. 


* In the report 1927-28 through oversight type 24 was published as the parent stock instead of type 22 
from which the gigas mutation arose. 
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Type 22 .— The tap root is prominent and goes vertically downwards reaching 
a maximum depth of 60 cms. Its diameter near the soil surface is about 7 to 8 mm. 
It tapers downwards and bears laterals up to 14 cms. of its length. These laterals 
are 2 to 1 mm. in diameter and 30 to 50 cms. in length. They are branched and 
rebranched in turn forming a good fibrous absorbing system in the first 28 to 30 
oms. of the soil surface. The main tap root bears only very few branches after 14 
cms. or so of its length. 

Gigas mutant. —The tap root is thicker than type 22, diameter near the surface 
being 10 to 12 mm. It tapers downwards as in the previous case, but the difference 
in thickness is maintained throughout. It reaches a maximum depth of 66 cms. 
It bears thick laterals up to 17 to 18 cms. of its length. The number of laterals is 
also greater. The difference in the thickness of the laterals is well marked, their 
diameter sometimes being up to 3 -5 mm. The length of the laterals is not signi- 
ficantly greater than in the parent type, but they are more profusely branched and 
form a very dense absorbing root system in the upper 30 to 34 cms. of the soil sur- 
face. The root nodules are more abundant and bigger in size as compared with 
the parent type. 

The root system on the whole in the gigas mutant is more vigorous than the 
type. The main root as well as the laterals are distinctly thicker and more 
profusely branched. They are longer also, but the increase in length is not very 
great. 

(6) Stem. 

The main stem like the tap root is thicker in the gigas mutant in comparison 
with the parent type, and so are the branches. The average diameter of the 
main stem near the base being ]4'5 mm. in the former and 9 '3 in the latter. 
The branches are more numerous in the gigas form than in the parent type. 
Measurements of the length of the longest branch in 100 different mature plants 
of each of the gigas and type 22 are given in Table I. The average mean 
length of the branch in the gigas is 56 - 97 cms. and in the parent type 53'0 cms. 
The difference being only 4 cms. It will be noticed that there is not so much 
increase seen in the length of the stem and the root as is in their thickness in 
the mature plant. It seems probable that the further growth in height of the 
mutant is checked due to the setting in of unfavourable hot winds long before it 
has attained its full height. Observations taken in early life of the plants to 
compare the length of the branches in the type and the mutant show greater 
differences than those which are recorded when the plants are mature. It can 
safely be asserted that increase in length of the branches in the mutant over the 
type would have been greater than is seen in Table I if the growing season had 
been longer in this part of the country. 
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It is very remarkable that the distance between the insertion of the succes- 
sive leaves on the branches is much longer in the gigas than the parent type, 
i.e., the internode length in the type is much smaller as compared to that of the 
gigas form. This is responsible for the fewer number of leaves on the branches in 
the mutant and greater number of leaves in the type. There are about 85 leaves 
on the average on the main branch in the parent type, while in the gigas mutant 
their number is only 24. 


Table L 

Main branch length and number of leaves . 


Length, of the 
main branch 
cm. 

Frequencies m 

Number of 
leaves on the 
main branch 

Frequencies in 

■. ! 

Parent type 
22 

Gigas 

mutant 

Parent type 
22 

Gigas 

mutant 

40—48 

5 ■ 

i 

14—17 

... 

2 

49—51 

28 

7 

18—21 

... 

24 

52—54 

35 

27 

22 — 25 

1 

' 41 

55—57 

■ 26 

36 

26—29 

15 

25 

58—60 

6 

18 

®2 

l 

CO 

16 

8 

61— 63 

... 

8 

34—37 

30 

. ... 

64—66 


3 

38—41 

27 





42—45 

9 

... 




46—49 

2 

; ... ; 

Total 

100 

100 

Total . 

100 

100 

Mean 

53-0 

56*97 

Mean 

35-68 

23*9 


( c ) Leaves . 

The leaves of the gigas form are remarkably different from the parent type in 
their colour, shape and size and occur at greater distance from one another in 
the former as compared with the latter. They are characterised by the enormous 
size and peculiar shape of their stipules and leaflets. 

Colour . — The general colour of the leaves has been described [Shaw and Khan, 
1931] as light bluish green for type 22 and light green for the mutant. A slightly 
yellowish tinge in the gigas mutant makes its foliage look a bit lighter than the 
parent type. When individual plants are compared under field conditions gigas 
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mutant stands out quite clearly from all tie other 83 types in foliage colour. 
Tlere is a marked red colouration on the entire margin of the leaflets and the 
stipules, in the gigas form, which is entirely absent in the type. Red colour- 
ation is also present in the leaf axils of the mutant. 

Shape. — The leaves are bipinnate in both the. forms. But the shape of the 
leaflets in the gigas form is peculiar from all the other gram types. The leaflets 
are broader towards the upper side and become narrow downwards, thus their 
maximum breadth is not in the middle, as in the leaflets of other types. The 
dentation is confined to the upper one half of the leaflet in the gigas form, while 
it extends to about two-thirds the margin in the ordinary type. The tip of the 
leaflet in the mutant is not pointed as in the parent type (Plate XLIV). 

Size . — Table II gives a record of measurement of two hundred leaves each 
of the mutant and the parent type taken from 100 different plants. Each leaf 
represents the largest leaf on the main stem present at the time of picking. The 
distance from the base of the leaf to the tip of the terminal leaflet has been 
taken as the length of the leaf. The length of the leaf varies from 73 mm. to 
99 mm. in the gigas mutant, the mean being 83*24 mm. and in the type it varies 
between 49 and 72 mm. the mean being 59*29 mm. only. Thus the leaf length 
in the gigas form is about 24 mm. greater than in the type, i.e., the mutation plant 
leaf is about one and a half times longer than the leaf of the parent type. 

A comparison of the size of the leaflet in the two forms (shown in Table II) 
reveals that the leaflet of the gigas is twice as big as that of the parent form. 
The average mean length being 13*08 mm. and breadth 6*62 mm. in the type 
while in the gigas the length and breadth is respectively 24*9 mm. and 14*5 mm. 

Tarle IL 


Leaf and leaflet measurements . 


Leaf 

length 

mm. 

Frequencies in 

Leaflet 

length 

mm. 

Frequencies in 

Leaflet 

breadth 

Frequencies in 

Parent 
type 22 

Gigas 

mutant 

Parent 
type 22 

Gigas 

mutant 

Parent 
type 22 

Gigas 

mutant 

49 — 51 

4 


9—10 

8 

... 

4—5 

9 


52 — 54 

m 

... 

10—11 

15 

... 

5—6 

50 


55—57 

53 

... 

11—12 

23 

... 

6—7 

68 

... 

58—60 

65 

... 

[ 12 — 13 

38 

... 

7—8 

59 


61— 63 

45 

... 

13 — '14 

56 


8—9 

10 

■■■y ..A\ 
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Table II— contd. 

Leaf and leaflet measurements — contd. 


Leaf 

length 

mm. 

Frequencies m 

Leaflet 

Frequencies in 

Leaflet 

breadth 

Frequencies in 

Parent 
type 22 

Gigas 

mutant 

length 

mm. 

Parent 
type 22 

Gigas 

mutant 

Parent 
type 22 

Gigas 

mutant 

64—66 

14 

. ... 

14—16 

44 

... 

9—10 

4 



67—69 

2 

... 

15—16 

14 

... 

10—11 

... 


70—72 

1 

... 

16—17 

2 

... 

11—12 


5 

73—75 

... 

8 


... 

5 

12—33 


25 

76— 78 

... 

19 

21—22 

... 

13 

13—14 


46 


... 

48 

22—23 


17 

74—15 


51 

82—84 

1 

51 

23—24 

... 

24 

15—16 

... 

47 

85—86 


42 

24—25 

••• 

31 

16—17 

... 

15 

88—90 

... 

18 

25—26 

... 

48 

17—18 

... 

9 

91—93 

••• 

9 

26—27 

... 

32 

18—19 

... 

1 

94- — *96 

.. ... 

4 

27—28 

... 

21 

19—20 

...» 

1 

97—99 

... 

1 

28—29 

... 

5 







29 — -30 


4 




Total 

200 

200 

Total 

200 

200 

Total 

200 

200 

Mean 

59*29 

83*24 

Mean 

13*08 

24*9 

Mean 

6*62 

14*5 


Stipules.— There iB no numerical data as regards the size of the stipules, but 
a glance at leaves in Plate XLIV will bring home to one ’3 mind the enormous size 
of stipules in the gigas form as compared with type 22. The stipules in the gigas 
form are the biggest being three or four times in size of that of any other 
culture. 

Number of leaflets . — In both the gigas and the parent form there are predomi- 
nantly 6 pairs of leaflets. Table III shows the variation in this character. It will 
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be cleac from this table that the proportion of leaves with smaller number of 
leaflets is greater in the gigas than the parent type. 

Table III. 

Number of leaflets per leaf in the gigas mutant and type 22. 


Type 

No. of 
leaves with 
11 leaflets 

: No . of 
leaves with 
12 leaflets 

No. of 
leaves with 
13 leaflets 

No. of 
leaves with 
14 leaflets 

Total 

3?arent typo . 

a 

140 

48 

9 

200 

22 

1*5 per cent. 

70 per cent. 

24 per cent. 

4*5 per cent. 


Gigas mutant . . 

26 

166 

6 

2 

200 

79 

13 per cent. 

83 per cent. 

3 per cent. 

1 per cent. 



(d) Flowers. 

Flowers also like all other organs are larger in the gigas mutant than the 
parent type. They have been described [ Shaw and Khan, 1931 ] as small, solitary, 
pink, standard and wings pale pink with a general bluish tinge in type 22, while 
in the mutant they are large, solitary pink, standard and wings pink with a deep 
bluish tinge, i.e., the colour intensity in the flowers of the gigas form is deeper 
than in the parent type and blue colouration in the wings is more prominent. 

Measurements of the length and breadth of the standard and the length of the 
calyx tube have been tabulated in (Table IV). These are the averages of 100 flowers 
picked fresh from different plants of the gigas mutant and the type. 

Table IV. 

Flower measurements. 


Average 
calyx length 
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It will Tbe seen from the above table that the breadth of the standard in the 
gigas is nearly one and a half times that of the type, while the length of the 
standard in the former is only about 1*5 mm. more. Another fact to be noticed, 
is that the length of the standard is greater than the breadth in the parent type, 
but in the gigas form the case is just the reverse ; the breadth of the standard being 
greater than its length. 

The length of the calyx measured from the base of the calyx tube to the tip 
of the calyx tube is on the average 6‘95 in the type and 10*63 in the gigas mutant, 
Le f , the calyx is more than one and a half times longer than the parent type. 


(e) Pods . 

The characteristic shape (Plate XLIV) and abnormally big size of the pods 
is a distinguishing feature of the gigas mutant. Grooves on the surface is one 
of their interesting features. The colour of pods goes on changing with maturity, 
but throughout gigas pods appear to be lighter in shade than the pods in the 
parent type. Table V gives the average length and breadth of the pods and 
length of the pedicel in the gigas form and the type. 

Table Y. 


Pod measurement . 


Type 

Length, of the 
pod mm. 

Breadth of the 
pod mm. 

Length of 
pedicel 

Parent type 22 . 

. .. ■ . 

> • 


,r " 

22*05 

131 i 

10*3 

Gigas mutant 

* 

■ 

• 

39*3 

25*7S 

11*6 


It will be seen from the above table that length as well as breadth is nearly 
twice as much in the gigas pods as in the type ; the pedicel is also about 1*3 mm. 
longer in the gigas form. 


(/) Seeds. 

The seeds of the gigas mutant are not only bigger in size than the parent 
type, but they also differ in shape and colour (Plate XLIV). In the type the seeds 
are dark reddish brown in colour and have a smooth surface, while in the mutant 
the seeds are darker in shade and have a rough granulated surface. The seeds 
in the gigas form are characterised by the presence of deep grooves on the sides 
and on the convex dorsal surface which are absent in the type. The weight of 1,000 
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grains of the mutant and the type and their volume as stated below gives a fair 
idea of the size of gigas seeds. 


Table VI. 


Type 

Weight of 

Volume of 

1,000 grains 

1,000 grains 

Parent type 22 

120 gr. ' 

101 c. o. 

Gigas mutant 

225 gr. 

198 c. c. 


The seeds like the pods in the mutant are about twice in size as compared with 
the parent type. 

This extraordinarily big size of the gigas seeds accompanied by the deep 
grooves on their sides and the dorsal surface will form one of the distinguishing 
features of the gigas species. 

(g) Sterility. 

The gigas mutation when it first appeared in the year 1926-27 in type 
22 seemed to be highly self-sterile. Out of three giant plants, that appeared, only 
one Bet a few seeds. But its propagation in successive years has not shown so 
much sterility. In the year 1928-29, 500 mature pods from 5 or 6 different plants 
of the gigas and type 22 were examined and it was seen that there were about 21 
per cent, sterile pods in the gigas mutant and 18 per cent, sterile pods in type 22. 
The results are tabulated below and they show the percentage of one seeded — two 
or more seeded and of sterile or no-seeded pods. In the gigas form the pods are 
predominantly one-seeded, while in the type there is an equal percentage of two- 
seeded and one-seeded pods. 

Table VII. 


Percentage of one seeded, two or wore seeded and sterile pods in gigas mutant and 

type 22 in 1928-29. 


Type 

1 -seeded 

2 or more 

Sterile 

pods 

seeded pods 

pods 

Parent type 22 . . . / 

41 per cent. 

I 41 per cent. 

18 per cent. 

Gigas mutant . 

73 per cent. 

6 per cent. 

21 per cent. 
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(h) Flowering and maturity . 

Parent type 22 is an early type. It begins to flower at Pusa by 10th to 20th 
of January, some 65-75 days after sowing, and is in full flower by the end of 
January or beginning of February. It is ready for harvest by the end of March. 
But the gigas mutation is one of the very late types. It begins to flower 15 to 
25 days after the parent type and is in full flower only by the end. of February 
or beginning of March. It is practically last to mature among the gram cultures 
and is not ready for harvest earlier than the end of April. 

Thus this gigas mutation is remarkably later than the parent type in time of 
flowering as well as in maturity. This late flowering and maturity are characteristic 
of most of the giant mutants which have been recorded in oenothera, tobacco, 
primula and cotton, etc., and is generally attributed to slow rate of growth or 
greater vegetative development. But the problem is a very complicated one and 
requires careful investigation into the physical and physiological causes which are 
responsible for delayed flowering and maturity in the giant mutants. A comparison 
of the rate of transpiration, carbon assimilation and root absorption, accompanied 
by the rate of growth in the giant and the ordinary type will be of interest, 

IV. Cytology. 

(a) Diploid number of chromosomes. 

Material mid methods.— The material for studying the diploid number of 
chromosomes consisted of the root tips, obtained from germinating single plant 
seeds of the gigas mutant and the parent type 22. Root tips when *5 to 1 cm. in 
length were cut and fixed in Allen’s modification of Bouin’s fluid (picric acid, 
saturated solution in distilled water 75 parts, formalin 15 parts, acetic acid 10 parts 
and a few crystals of urea). The root tips were kept over night in the fixative and 
then washed and dehydrated in the usual way in grades of alcohol. Xylol was used 
as the clearing agent and the material was embedded in paraffin. Sections 10-12^ 
thick were cut and stained in iron-alum-ftaemotoxylin. 

Chromosome counts. — For counting the number of chromosomes in somatic 
cells the metaphase stage is the most suitable, as all the chromosomes lie nearly in 
a single plane. In this case counts were made in longitudinal as well as transverse 
sections of the cells. Figures 1 and 2 (Plate XLVII) show the chromosomes in 
metaphase stage in type 22, while figures 3 and 4 represent the same stage in the 
gigas mutation. It will be seen that in type 22 there are 14 chromosomes, they 
have a tendency to come to lie in pairs. There are 7 pairs (I to VH, Plate XLVII, 
figures 1 and 2) as stated by Dombrowsky-sludsky [1927] for Cicer arietinum L., in 
gram type 22. But in gigas mutation it will be noticed that the number of 
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chromosomes is clearly sixteen and they are arranged in eight pairs (I to VIII, 
Plate XL' VII, figures 3 and 4) in the metaphase stage. 

Thus it is evident that the number of somatic chromosomes has increased by 
two in the gigas mutant over type 22 from which it has sprung up. The choromo- 
some counts have also been made in some types of Kabuli gram, which appear to be 
the gigas forms of the small white-seeded gram [Dixit, 1932]. There also the diploid 
number of chromosomes is sixteen, as observed in the present gigas mutant. This 
difference of chromosome number by two is quite common in the different species 
of the genus Vicia, which is very closely allied to the genus Oioer. A perusal of the 
list of chromosome numbers in the natural order Leguminosae, shows that the 
diploid number in many of its sub-orders varies between 12, 14 and 16. 

From the comparison of the somatic chromosomes in type 22 and its gigas 
mutant as seen the preparations in hand it is not possible to say definitely as to 
which is the extra pair of chromosomes in the mutant and how it has come. 


(b) Haploid number of chromosomes. 

Material and methods .— The material for studying the haploid number of 
chromosomes consisted of pollen mother cells of the gigas mutant and type 22. An 
attempt was at first made to fix the young flower buds for this purpose. Material 
was fixed in different fixatives at different hours of the night and day, but the 
attempts were mostly futile. Only in one flower bud of the gigas mutation which 
was fixed in Carnoy's fluid at 10 a.m. some division stages were observed. But in 
this preparation there was too much shrinkage. The failure in fixing the proper 
stages in the flower buds seem to be due to the difficulty with which the fixatives 
penetrate through the floral appendages. To overcome this difficulty the Smear 
method was resorted to. Anther smears as described in my previous paper [Dixit. 
1931] were prepared between 9 and 10 a.m., at which time the divisions seem to be 
most abundant. The slides were kept vertically in Allen's modification of Bonin's 
fluid for half an hour to three quarters of an hour, in a staining dish accommo- 
dating 12 slides. To wash away the fixative, slides were kept in changes of 40 per 
cent, alcohol, followed by grades of 30-20—15—10 and 5 per cent, alcohol A few 
drops of saturated solution of lithium carbonate were added now and then to hasten 
the removal of picric acid. In this way slides were brought down to water and 
washed in running water for an hour. The slides were then stained in iron-alum- 
hoematoxylin according to Kaufmann. [1927] modification of Taylor's staining 
schedule. On examination of the slides it was found that there was some cloudi- 
ness in the preparations. It is perhaps due to the use of aqueous stain after the 
material has been killed and fixed by a fixative containing picric acid. In order to 




403 


n 


A CASE OP GIGANTISM IN GRAM 

overcome this difficulty it was thought advisable to stain in Delafield’s hematoxylin 
which is an alcoholic stain. Some more smear preparations were made and fixed as 
described before in Allen's modification of Bonin’s fluid. The schedule followed 
after fixing was different and is briefly given below : — 

1. Kill and fix in Allen’s modification of Bonin’s fluid (picric 

acid saturated sol. in water 75 parts, formalin 15 parts, 

acetic acid 18 parts and a few crystals of urea.) 

2. Wash in 3 changes of 50 per cent, alcohol adding drops of 

saturated sol. of lithium carbonate. 

3. 60 per cent, alcohol ....... 

4. Delafield’s hematoxylin . . . 

5. 60 per cent, alcohol . . . 

6. Acid alcohol (5 drops of HOI in 100 c.c. of 60 per cent. 

alcohol). 

7. 70 per cent, alcohol . 

8. 80, 00 and absolute alcohol . . . . • 

9. Clove oil ......... 

10. Xylol 

11. Mount in Canada balsam. 

In this way about a dozen permanent slides can be prepared within 2 hours 
or so. 

Chromosomes in preparations stained according to the above schedule take up 
a bright dark violet colour. 

Chromosomes counts . — To confirm the results obtained from the study of 
chromosomes in the somatic cells — revealing that in the giant mutation the diploid 
number of chromosomes is sixteen, while in the parent type it is only fourteen — it 
was essential to find out in both the forms, the haploid number of chromosomes 
also. 

From figures 5 and 6 (Plate XLVIII) it will he seen that the reduced number 
of chromosomes in gram type 22 is seven. This is the number noticed after the first 
and the second divisions of meiosis in pollen mother cells. 

Figure 7 shows the number of chromosome in gigas mutation after the first 
reduction division. It is clearly eight. Figure 8 represents the stage after the 
second division is over, here also eight chromosomes can he seen. 

In both the mutant and the type one chromosome (numbered 1) is distinctly 
longer than the rest as is seen in figures 9 and 10 where the haploid number of 
chromosomes in type 22 and the gigas mutant have been drawn on a greater magni- 
fication. It appears that one short chromosome is extra in the gigas mutation. 

In short the haploid number of chromosomes in type 22 is seven and in the 
gigas mutant it is eight. This is in agreement with the result obtained for the 
somatic cells. 


30 to 45 minutes. 


10 minutes each. 

5 minutes. 

15 minutes. 

Rinse to remove extra stain. 
Differentiate to desired colour. 

Change once or twice till no 
acidic reaction. 

5 minutes each. 

1 or 2 minutes. 

Rinse to remove Clove oil 
completely. 
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In one pollen mother cell of type 22 it was noticed that after the first reduction 
division there were eight chromosomes at one pole and only 6 at the other pole 
This irregularity gives an inkling as to the method in which this mutation might 
have occurred, but the evidence is not enough to warrant any conclusions on the 
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4. Comparison of the parent stock type 22 with any other gram type, with 

which it could have had an opportunity to hybridise does not reveal the 
source of distinguishing characters of the mutant. 

5. The number of chromosomes in the gigas mutation is sixteen while in the 

parent type the number is fourteen, thus the change must have 
occurred in the germplasm — which having occurred was transmitted from 
cell to cell and inherited. 

This type of change appears to have occurred quite frequently in the family 
Leguminosae — a perusal of the list of chromosome numbers in the different sub- 
orders of this family shows that the diploid number often fluctuates between 12-14 
and 16. This is very common in the different species of the genus Yicia which is 
closely allied to the genus Gicer. A study of the chromosome numbers in the 
Kabuli gram types — which appear to be the gigas forms of small white seeded gram 
types revealed a similar change, diploid number being 16 in the former and 14 in 
the latter [Dixit, 1932]. 

This mutation in gram is not like the recorded cases of tetrasomic mutations 
with 2 n+2 chromosomes in matthiola [Howard, 1927], datura [Blakeslee and other] 
or oenothera in which the tetrasomic mutation plants are below the normal. 
Howard [1927] as the result of his studies on the mutation of Matthiola incana has 
remarked that an extra dose of one kind of chromosome reduces vigour and two 
doses are usually fatal, t.e *, mutation plants with 2 n+1 chromosomes are weak 
while those with 2 n + 2 seldom survive. This is not the case in this gram mutation. 
Here the plants are more vigorous in every respect than the parent stock from 
which they have sprung up. 

Surely the origin of a new species by mutation is proved by the above facts and 
the creation of the species Cicer gigas is quite logical. This species may become an 
outstanding commercial variety due to the size of its grains, like the mammoth 
forms of Nicotiana tabacum which arose as mutations from ordinary forms of 
tobacco and are now important commercial varieties in United States [Allard, 1919]. 
Or like the four varieties of Egyptian cotton which arose as single plant mutations 
and now form the basis of an important industry in that country [Kearney, 1918]. 
But the question as to how the mutation arose, under what circumstances the extra 
pair of chromosomes was formed and how it was formed, remains unanswered. Say- 
ing that it is the result of non-disjunction and might have originated as a seed 
formed by coming together of a pollen grain and an ovule with 8 chromosomes is a 
mere conjecture and a very rare possibility. To me the irregular distribution of 
chromosomes, 8 going to one pole and 6 to the other in some pollen mother cells 
seem to be the result of unnatural disturbance caused by chemical fixatives, etc., and 
may have no evolutionary importance in nature. What we want to find out 
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are the causes which produce new forms and, still more, to he able to produce the 
new forms ourselves by inducing such changes in the present ones. Until we have 
compassed this end, we have not reached our ultimate goal— namely a full knowledge 
of the origin of species. 

VI. Summary. 

1. There is an enormous increase in size of the giant mutation plants and all 
their organs over the parent type. 

(A) Vegetative. 

■ (a) Leaf of the mutant plant is about one and a half times longer than the leaf 
in type 22 and is characteristic in appearance. 

(6) Length and breadth of the leaflet in the gigas mutant is more than 
twice as compared with the same in the parent type. 

(e) Size of the stipules in the mutation is abnormally big and is about four 
times that of the stipules in type 22. 

(d) Internode length is much longer in the mutation as compared with the type, 
i.e., the number of leaves per branch in the mutant is smaller than that of type 22. 

(e) Stem and roots are considerably thicker and more profusely branched in the 
mutation than the type. Their length is also greater in the former. 


(B) Floral. 

(/) The breadth of the standard is about one and a half times greater in the 
mutant as compared with the type ; its length is also greater in the former. 

(g) Length of the standard is less than its breadth in the mutant while in the 
type the length is greater than the breadth. 

(h) Length of calyx in the mutation is one and a half times greater than that of 
type 22. 

(C) Pods. 

(i) Pods in the mutation are twice as big as the type both in their length and 
breadth. 

(j) Shape of the pods is also characteristically different in the giant mutation. 

(k) Percentage of sterile pods is about 21 per cent, in the mutation and 18 per 
-cent, in the type. 

(D) Seeds. 

( l ) Seeds of the mutant are twice as big as that of type 22. Their weight and 
volume is double that of the type and are also different in shape. 
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Cjjlologieal — (a) Diploid number of chromosomes in type 22 (the parent type) 
is fourteen while in the mutation the diploid number is sixteen, 

(h) Haploid number of chromosomes in type 22 is seven, while in the mutation 
the haploid number is eight. 

(o) One pollen mother cell was observed in the type where after the first reduc- 
tion division there were 8 chromosomes on one pole and 6 chromosomes at the 
other, . 


VII. Conclusion 


1, The morphological, and evtologieal studies of this giant mutant indicate 
that it should be placed as a separate species of the genus Oicer and may be called 
as Cicer gigas. 

2. New species arise at a single step in the genus Cicer as the result of chromo- 
somal aberrations. The factors which are responsible for these chromosomal 
aberrations require further careful investigation. 
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THE BIOLOGICAL CONTROL OF SUGAR CANE PESTS.* 


BY 

W. R. THOMPSON, Ph.D., D.So., 

Imperial Institute of Entomology . 

[ Reproduced by permission of the Controller of IT. M. Stationery Office from the Report of the 
Proceedings of tbe Imperial Sugar Cane Research Conference, London, 1931.] 

Although the cultivation of sugar cane is practically restricted to the tropics, 
it appears to he one of the most adaptable of the tropical crops, for it is grown with 
success, and under a great variety of ecological conditions, in regions differing not 
only in geographical position, fauna and flora, but also in climate and soil. 

It is to this unusual adaptability of the sugar cane that its entomological 
misfortunes are partly due. Not many of the insects which attack it in its native 
home have, I think, migrated to the other regions in which it is now cultivated. 
On the other hand, in a great many of the areas into which sugar cane has been 
brought, the indigenous insects of the region have gradually spread from the native 
vegetation into the cane fields and have, in many cases, become serious pests. The 
fact that sugar cane is able to grow under such a variety of ecological situations 
exposes it to the attack of a great many different insects, so that the list of its pests 
is very long. To the same cause is due the fact, especially notable in the West 
Indies, that sugar cane pests tend to be restricted to certain colonies or regions. 
The pests of cacao, cotton and banana are much the same throughout the West 
Indies, because the conditions required for the growth of the plants are fairly well 
defined, but several of the most important insects attacking cane occur, or are at 
least of real economic importance, only in single colonies. Thus, in Trinidad, the 
most important pest of sugar cane is the frog hopper while in Barbados the most 
serious damage is caused by the Diatraa stalk-borers. In the East Indies, 
Australasia and Hawaii, of course, an entirely different set of insect pests of sugar 
cane is found. As I have already said, a good many of these insects seem to be 
rather limited in distribution, or, at least, the areas in which they are at present 
of economic significance, are relatively restricted. This does not mean, however, 
that the regions in which they exist, at present, are the only ones in which sugar 
cane can be grown in which they are likely to do damage. If they are transported 
into other areas many of them are capable of multiplying and becoming extremely 

*Paper read at the Imperial Sugar Cane Research Conference, London, 1931. 
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Injurious, especially if they are unaccompanied by the natural enemies which keep 
them in check in the native home. The improvement of means of transport in 
modem times is likely to produce an exchange of pests between the various sugar 
cane areas as time goes on, in spite of the quarantine regulations which now exist. 
As we know, this has already happened in the past and has, in fact, given rise to 
some of the worst sugar cane problems, as in Hawaii and in Mauritius, to take only 
two examples. 

About 1897, the Delphaeid bug PerMnsiella saccharicida , belonging to a 
Malayan genus, whose centre of distribution is probably New Guinea, was acci- 
dentally introduced into Hawaii. By 1902 it had increased to such an enormous 
extent that the sugar cane industry of the islands was threatened with destruction, 
and suggestions were seriously made that the sugar cane plantations be converted 
into cattle ranches. 

Somewhere about 1905 the Lamellicorn beetle grub, Phytalus smith', was 
accidentally imported from Barbados into Mauritius. It was not discovered until 
some six years after its introduction, by which time it had spread over about 3,000 
acres, of which 300 acres were highly infested. An intensive campaign of control 
has been carried on against this species since that time, but in spite of this the 
beetle has continued to spread and now covers more than a quarter of the area 
planted with sugarcane. The measures adopted for its control have no doubt 
diminished the rate of spread to some extent, but there is no doubt that the 
numbers of the insect in the island are increasing and that the time will eventually 
come when the whole area is infested. 

In the early part of the nineteenth century the Small Moth Borer, Diatmea 
saccharalis, was introduced into Louisiana, either 'from the West Indies or from 
South America ; and since that time it has increased until it is now a serious pest. 
During the six-year period from 1912 to 1917 inclusive, during which observations 
were carried on in regard to this insect by the investigators of the United States 
Department of Agriculture, the average infestation was about 58 per cent, of all 
the canes in the infested area in Louisiana, which includes the whole sugar belt, or 
about 300,000 acres planted with sugar cane. The yearly damage in this area is 
estimated, by American authors, to result in a loss of sugar varying from 31,000 to 
85,000 tons. The average monetary loss for the 300,000 acres reached the high 
figure of £1,400,000. 

In recent years, of course, the movement of plant products from one country 
to another has been severely restricted and the careful inspection of imported 
material has been enforced. These measures have no doubt afforded some degree 
of protection and have, in a number of cases, prevented the entrance of injurious 
insects into new areas. It is, however, evident that they are not completely 
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efficacious. In spite of its elaborate and careful system of quarantine, the United 
Mates ias been invaded during recent years by a number of extremely injurious 
pes s rom other parts of the world ; such as the Japanese beetle, the European 
corn borer and the Mediterranean fruit fly, which have caused immense losses and 
necessitated the expenditure of vast amounts of the public funds. It is, therefore, 
probable that the movement of the pests of cultivated crops in general, and of 
sugar cane among others, will continue, at least, to some extent and that the areas 
inhabited by a number of these pests will increase as time goes on. 

It is an unfortunate fact that the method which is most suitable for sugar 
production at a low cost, that is to say, the system of large pure stands of cane as 
opposed to mixed agriculture, is especially suitable for the propagation of insect 
pests, to ^ which, in general, systems of rotation are unfavourable. Such practices 
as ratoomng, because they tend to leave residual colonies which are carried over to 
the next season, are also extremely favourable to the propagation and maintenance 
of injurious insects. 

Furthermore, some of the most satisfactory methods used by the economic 
entomologist against pests attacking other crops, such as orchard fruits, vegetables, 
an so forth, are, in general, not applicable in the case of crops like cane ; partly 
. eeause ^ ie . difficulties of applying these remedial measures and partly because 

of the increase in the cost of production. Thus it is hardly conceivable that we 
shall ever be able to develop any methods of treating cane pests satisfactorily by 


spraymg, in most areas. Such methods as flooding, burning, or dusting with 

orocuinnlfl -A* -I » . ° C ° 


arsemcals by means of aeroplanes, have sometimes been adopted and have occa- 
sionally given fairly satisfactory results, but it is evident that their use must be 
restricted to certain special cases. 

On the other hand, the practices of estate cultivation, of growing cane conti- 
nuously in large pure stands, year after year, on the same land, and even the prac- 
tice of ratoomng, are just as favourable for the specific insect enemies of the pests 
of sugar cane . as they are for the pests themselves. Furthermore, while most 
met ods of artificial control are difficult or impossible to apply to growing cane, 
especially in the early stages of its growth, the presence of the almost continuous 
mass of interlocking vegetation infested by its host is a positive advantage to the 
parasites and predators, or at all events causes no obstacle to their progress. As is 
well known, the most spectacular success obtained up to the present time in the 
methods of biological control have been secured under tropical conditions, one of 
the most recent being the control of the Levuana moth of coconuts in Fiji, through 
the admirable work of Dr. J. D, Tothill and his assistants. On general' grounds, 
therefore, this method would appear to be fairly suitable as a means of attack 
against the insect pests of sugar cane. 



412 


[II, IV. 




INDIAN JOURNAL OF AGRI CULTURAL SCIENCE 



As is well known, these theoretical considerations are well substantiated by the 
results that have been obtained in practice. I have said that in the Hawaiian 
Islands, owing to the attacks of the sugar cane leafhopper, the loss in sugar 
production was so great that about 1902 the conversion of some of the estates into 
cattle ranches was seriously suggested. It became evident that no artificial 
methods of control were likely to prove efficacious, so, on the advice of Dr. L. 0. 
Howard, the entomologists of Hawaii decided to undertake the introduction of the 
insect enemies of the leafhoppers. After some three years’ efforts, Perkins and 
Koebele succeeded in obtaining from Queensland and Fiji, two Hymenopterous 
parasites attacking the eggs of the leafhoppers. About eighteen months after the 
introduction had been carried out, the damage fell to about half of its original pro- 
portions, and during the following year 75 per cent, of the infested areas had been 
invaded by the beneficial insects. Nevertheless, outbreaks still continued to 
occur in certain districts and after much difficult and tedious exploratory work the 
late Dr. F. Muir succeeded in 1920, in introducing a small Capsid bug, CyrtorUnus 
mundulus , which lives by sucking the eggs of the leafhoppers. This insect in- 
creased and spread throughout the infested areas and succeeded in completing the 
subjugation of the leafhopper, which has now become a problem of minor import- 
ance. The success obtained in this parasite campaign against the leafhopper rightly 
ranks as one of the most outstanding successes in biological control. It will, how- 
ever, be noted, and I particularly wish to stress this point, that in spite of the 
exceptionally favourable conditions existing in the Hawaiian Islands, a real solution 
of the problem was not obtained without a tremendous amount of expensive explo- 
ration carried on during a period of almost twenty years. Nevertheless, the 
Hawaiian Planters’ Association have felt, that the expenditure of time and money 
has been amply justified by the results obtained. 

Another important success obtained against the pests of sugar cane by the 
method of biological control, concerns the Sugar-cane Borer, which is a beetle exist- 
ing in many parts of the regions in and about the Pacific. The damage to the 
plant is caused by the larva, which tunnels up and down the stalk. Insects of this 
type, which feed during the larval stages hidden in the tissues of plants, are, of 
course, rather inaccessible to parasitic attack during the greater part of the life- 
history and are, in fact, difficult to deal with by any method. Nevertheless, after 
a careful search throughout Japan, China and the Malayan Archipelago, the insect 
was ultimately found to be attacked in sago palms in Amboina by a Tachinid para- 
site, Ceromasia sphenophori. The collection of the parasite was begun in 1906, and 
in 1910, after great difficulties had been surmounted, it was successfully brought 
to Honolulu, where it was bred for a time in captivity and then liberated in the 
infested plantations. By the end of 1913 it had become firmly established ip 
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thirty-nine different plantations and had already begun to produce a noticeable 
reduction, not only on the borers in the field, but also in the damage produced by 
them. On one plantation the number of adult beetles collected fell in two years 
from 27,000 to something like 1,500. This parasite is now being distributed in 
Queensland and appears to be giving satisfactory results. 

Another remarkable success was obtained in the case of the Lamellieom 
beetle, Anomala orientalis , which was probably introduced into the territory with 
potted plants some time before 1910. The introduction of the solitary wasp, 
Scolia manilae , obtained by Dr. Muir in the Philippines and taken to Honolulu in 
1915, proved a very successful remedy for this pest. The spread of the beetle 
seems to have been arrested and although, at the present time, its distribution is 
increasing, the spread is extremely slow and the numbers remain small. 

3STo results comparable to these have, as yet, been obtained in any of the 
British colonies in which sugar cane is grown. Some experiments in biological 
control have, of course, been carried out in certain regions. The parasitic wasp, 
Tiphia parallella , was successfully introduced into Mauritius from Barbados in the 
year 1916, in the hope that it would check the increase and spread of Phytalus 
smithi . It was recovered in the regions in which it was colonised the following 
year and has since spread over the whole of the infested region. In spite of this 
!* Phy talus has continued to increase and spread and although the parasite perhaps 

f produces a slight diminution in the rate of multiplication of its host there is, in 

fact, no evidence that it is able to control the beetle. It should be added that 
another parasite belonging to the same group of insects, Elis sexcincta , was also 
introduced into Madagascar in the year 1916, but although the two species are said 
I not to enter into competition, they are evidently not exerting a sufficient degree of 

control, at least at the present time. It is possible that when the beetle has 
| reached the limits of its distribution and its population has become stable, the 

effect exerted by the parasites may be more apparent, but it seems more likely 
that other species, having different habits and, if possible a more rapid rate of 
multiplication, will Lave to be introduced into Mauritius. Arrangements for some 
work along these lines are now being made. 

w Attempts to use the parasites and predators of sugar cane insects, in order to 

bring about their control, have been made for many years past in the West Indies. 
These experiments have consisted, in the first place, in the transfer of various bene- 
ficial species from one area to another, and, in the second place, in the preservation, 
redistribution, and, in the last two or three years, the artificial multiplication of 
certain species of parasites, as well as certain fungous diseases, indigenous to the 
region. Up to the present, however, none of these experiments has given any 
practical results. One of the latest developments in this direction has been the 
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work on the common egg-parasite , Trichogranima. This parasite is present every- 
where in the cane-fields, in fact, it is almost all over the world ; and it is frequently 
present in large numbers, producing the death of a high percentage of the eggs of 
the sugar-cane borer at certain periods of the year, especially towards the close of 
the growing season. During the period between the cutting of the mature cane and 
the appearance of new growth, the parasite, however, becomes relatively rare 
owing to the disappearance of its host, so that it is not usually found in appreci- 
able numbers at the beginning of the new season. These facts have given rise to 
the hypothesis that if it were possible to supplement the initial population of this 
parasite in the cane, it might increase in numbers much more rapidly and bring the 
host insect under control before it succeeded in doing any appreciable damage. 
For a long time past, in many plantations in the West Indies, it has been the 
custom to collect, preserve and re-distribute eggs of the moth borers parasitised by 
Triohogramma, h utitis only in the recent years that its artificial multiplication 
has been attempted. Largely through the efforts of some of the entomologists of 
California a very remarkable technique of rearing this parasite has been developed. 
By the use of a number of extremely ingenious devices it is now possible with the 
aid of relatively unskilled labour to breed a million individuals of the parasite a day 
at a cost of something under £3. As a result of the success obtained in the breed - 
ing work, attempts are now' being made to utilise this parasite against a great many 
insect pests in many parts of the world, and in several places it is being ored and 
distributed in large numbers in the hope that it will prove an effective control of 
certain important pests of sugar eane, such as the small moth borer. Some of the 
entomologists who have been engaged in this work claim that through the artificial 
multiplication and distribution of T richogramma a very perceptible decrease in 
damage has already been obtained . Unfortunately, however, the data published 
are, for the most part, open to criticism. In the first place, the difference in the 
percentage infestations and in the amount of damage in the years during which 
Trickogrcmma was distributed, as compared with the preceding periods, is much 
too great to be accounted for by the observed differences in egg parasitism in these 
two periods. In the second place, the results obtained from field experiments, 
specially designed to demonstrate the effects of liberating large numbers of 
T richogramma in certain special areas, have been inconclusive ; in several instances, 
fields in which large numbers of parasites were released have actually presented 
towards the close of the season a lower percentage of parasitism than those in 
which no liberations were made. 

We cannot definitely say at the present time that the mass breeding and 
distribution of Trichogramma is useless. But on the other hand, it must be admit- 
ted that none of the many field experiments carried on up to the present with this 
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parasite has given thoroughly satisfactory results. It would, therefore, be unwise 
to launch out on a large-scale programme of Trichogrmnma work until the projects at 
present under way in various parts of the world have been carried on a little longer. 

The results obtained by measures of biological control in the W est Indies are 
thus, up to the present, somewhat disappointing or, at least, inconclusive. 
Nevertheless, I am convinced that the possibilities of the method are very far from 
being exhausted within this area. Many of the important pests of sugar cane have 
probably originated on the mainland, while some have been transported from one 
T island to the other, leaving their parasitic or predaceous enemies behind. It seems, 

therefore, provided that a thorough investigation of the area as a whole, together 
with an exploration of the South American mainland, can be carefully carried out, 
extremely valuable reeults might be obtained. The Imperial Institute of Entomo - 
logy has, therefore, been carrying on since the autumn of 1928, with the aid of 
special grant from the Empire Marketing Board, an intensive investigation of 
the possibilities of biological control in the West Indies and adjacent mainland 
areas, with special reference to the pests of sugar cane. This work has been carried 
on by Dr. J. G. Myers, and his preliminary report will, I think, be distributed at 
the close of this meeting. This is the first investigation covering the whole of the 
West Indian area that has yet been made with reference to the possibilities of 
(jt biological control, and in view of this fact it has been considered desirable during 

i the preliminary phases of the v r ork, to deal with the important pests of practically 

all the important crops of the region. In view of this fact, and because of the 
difficulties of communication it has not yet been "possible for Dr. Myers to settle 
down to any intensive large-scale work on particular problems . I have already 
> pointed out that the outstanding successes obtained in regard to the pests of sugar 

cane in such regions as Hawaii, have been prepared and completed by many years 
of such investigation and exploration. It is not to be expected that successful 
results will follow more rapidly in this case, but, on the other hand, there is no 
reason to believe that conditions in the West Indies are less favourable to this type 
of work than they are in other sugar cane areas of the world. 

As you know, the most important pest of sugar cane in the West Indian 
^ region as a whole are the Small Moth Borers (Dialraea spp.) ; only two of the 

^ numerous parasites attacking these insects in the various parts of their range 

have proved reasonably efficient, and of these Lixojthaga, which is more effective, 
is apparently ecologically suited only to the conditions prevailing in the northern 
islands. It has accordingly been introduced into Barbados and Antigua, whence 
it may later be taken to St. Kitts and perhaps St. Lucia. Another valuable 
parasite of Diatraea, Pwaiheresia , which the United States are now introducing 
j into Louisiana, occurs in all the areas in the West Indies, where it is likely to 
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thrive, excepting in the British Guiana province of Berbice and the island of 
| St, Lucia, It may be advisable to introduce it into these two places and if 

! so it will be done, but in the meantime the search for a more efficient parasite 

for Trinidad and British Guiana will he continued on the mainland. A large 
| amount of data has been accumulated on the distribution of the Small Moth Borer 

| and the complex of factors influencing it, and Dr. Myers has arranged, in conjunc- 

tion with the local authorities and the entomologists of the West India area, 
for certain intensive investigations on the Small Moth Borers in certain parts 
of the region, particularly in British Guiana and in Antigua. Mr. H. E. Box 
has been appointed in the latter colony to undertake, under the supervision of 
: Dr. Myers, a careful study of Diatraea in the island, and will make a careful 

study of the Trichogramma egg-parasite as a controlling agent. Before he left 
for the West Indies, Mr. Box carried on, during several months at Farnham Royal, 
a careful systematic study of the moths of the genus Diatraea, with the object 
of finding characters which facilitate the separation of these particular insects, 
and before his departure he published a very satisfactory monographic treatment 
of this subject. Mr. Cleare will carry on the Diatraea investigations in British 
Guiana. Both of these entomologists have had many years' experience with the 
, problem of the Small Moth Borer. 

The large moth borer of cane, Gastnia licoi&es , is known as a serious pest 
j only in Trinidad, since it is controlled by flooding in British Guiana. It is wide- 

I spread and increasing in Trinidad and an effective parasite is badly needed. After 

|j an extensive search in a number of plants in Trinidad and the Guiana forests, 

|j the larvae of Castnia were eventually found fairly plentifully in Heliconia bahai , 

jj known . in British Guiana as Wild Plantain, and collections carried out from this 

| plant later on revealed the presence of an extremely promising Dipterous parasite, 

jj This was brought to Trinidad, but on account of the difficulty of obtaining material 

and of rearing the parasite this first introduction was not successful. It is hoped, 
however, to renew the attempt at an early date. 

One of the most important pests in the West Indies is, of course, the Trinidad 
Cane Frog-hopper. A new and remarkably efficient frog-hopper parasite, which 
was found to be an important controlling agent of an allied frog-hopper, was 
studied by Dr. Myers in the hope that it would attack the sugar cane frog-hopper, 
but the experiments were unsuccessful. It is hoped that an effective parasite 
will be eventually discovered on the mainland. In the meantime a special investi- 
gation of the biology and natural control of the frog-hopper is being carried on by 
Mr. Pickles. 

In Barbados, the cane root borer Diaprepes abbreviatus, is a very serious pest. 
An effective egg parasite ( Tetrastiolms ) of two allied species has been studied in 
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Haiti and Montserrat, and a consignment of this has now been sent to the entomo- 
logist of Barbados. 

How that Dr. Myers has had an opportunity of studying the area as a whole 
and has become acquainted with West Indian conditions, we hope, providing funds 
for the continuation of the work are available, to take up work of a more intensive 
type upon the parasites of one after another of the most important pests of the 
region, particularly those of sugarcane. Excellent facilities for these studies have 
been provided by the authorities of the West Indies, and the hearty co- operation 
of the planters and officials has been freely granted. There is, therefore, every 
hope that it may eventually be possible, at least for certain of the more important 
pests of sugar cane, to duplicate in the West Indies the admirable results 
obtained by the use of the method of biological control with sugar cane pests 
in the other parts of the world, and thus relieve the planters of this region of 
part of the serious difficulties with which they are now struggling. The method 
of biological control has this great advantage that, when it can be successfully 
applied, it provides what is practically permanent relief at a relatively small initial 
cost. It is one of the few entomological methods to which the conditions of 
sugar cane cultivation offer no serious obstacle ; and it seems from our experience 
in the past that it is destined to become increasingly important in tropical agri- 
culture. We cannot, of course, expect to solve all of the entomological problems 
of the cane grower by the introduction of beneficial insects. Many of them will 
probably yield only to a modification of agricultural practice, or to the use of 
resistant varieties. Nevertheless, the method is one which seems to entail less 
modification of existing practices than those I have just mentioned. It seems, 
therefore, that in the present depressed state of the sugar industry i b is on the 
method of biological control that we must cheifly rely. I would, therefore, venture 
to suggest to the Conference, the desirability of more intensive activity along 
these lines in the sugar-growing colonies of the Empire. No matter what may 
be the ultimate solution of the sugar problem, it seems certain that any method 
which will enable us permanently to diminish the cost of production without 
an addition to the burden of taxation, cannot fail to have a good and lasting 
effect upon the economics of the industry. 



QUARANTINE AND THE SPREAD OF SUGAR CANE DISEASES 


S. F. ASHBY, 

Mycologist, Imperial Mycological Institute . 

[Reproduced by permission of t be Control ler of IT. M. Stationery Office from the Report of the 
Proceedings of the Imperial Sugar Cane Research Conference, London, 1931.] 

That part of the modem sugar industry which is based on the sugar cane has 
suffered severely in most territories from the introduction of serious diseases in 
foreign seed-cane due to lack of quarantine or its inadequacy. As a consequence, 
some territories prohibited or greatly restricted further introductions and focussed 
attention on the raising of their own seedlings. Of recent years, however, the 
demand of planters for trials under local conditions of new varieties (mostly 
seedlings) which had acquired a high reputation elsew'here and the need for enlarg- 
ing the range of material available for selection in breeding work have modified this 
policy. New territories have, moreover, been opened up which are more dependent- 
still upon introduced varieties. The danger of bringing in serious diseases has been, 
and is being, met by greatly improved quarantine methods, based upon a better 
knowledge of the disease, especially of those which have come to be regarded as 
major. It may, therefore, be of interest to draw attention to the six diseases which 
plant pathologists have recognised as major, and to list their present known distri- 
bution. The diseases in question are Mosaic , Bereh, Fiji Disease, Gamming 
Disease , Leafscald , and Leafstripe . Sereh, Fiji Disease and Leafstripe have a quite 
restricted distribution still, but Mosaic, Gumming Disease and Leafscald have 
spread wddely, especially within the last twenty years. The present known distri- 
bution of the six diseases is shown in the table which follows 


Leafscald Leaf stripe 


Gumming 


Mosaic 


West Indies . Queensland • Java . 

United States . New South [Formosa 
Wales 


Queensland . Queensland . Queensland 


New South New South Fiji 
Wales Wales 


Formosa 


New Guinea 


New Guinea 


Argentine 

Surinam 


Mauritius 


Philippines 


Reunion 


Philippines . Indiaf 


Paper read at the Imperial Sugar Cane Research Conference, London, 1031 
f Recorded in one locality in the present year (1931). 
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Mosaic 

Fiji Disease 

Sereh 

Gumming 

Leafscald 

Leafstripe 

Egypt 



Brazil . 

Formosa 


Kenya 


... 

Colombia 

Mauritius 


Uganda . . 


— 

Porto Rico . 

New Guinea • 

— 

South Africa ' y 


; ... 

Virgin Island 
(U, S. A.) 

Hawaiian Is- 
lands 

... 

Reunion • 


... 

Leeward Island 
(British West 
Indies). 

■■ 


India 


..... 

St, Lucia . j 

: *** : 


Java 

. ... 


Barbados 

••• 

••• 

Queensland 

••• 


... . 

••• 


New South Wales 

in;:: 


... 

— 

••• 

... 

1? IJ1 « • • 

Hawaiian Islands 


... 

... 

... 

... 

Formosa . 


*** 

... 


... 


Tltese diseases affect directly all organs (systemic) except probably the true 
seed and are transmitted in the seed piece. With the exception of sereh, all cause 
characteristic discoloured stripes or streaks on the leaves which are distinctive for 
each. Specimens of leaves, preserved in the natural colours, showing the markings 
characteristic of these five major diseases, and of a number of minor diseases can be 
inspected at the Mycological Institute. 

Mosaic Disease is an infectious chlorosis due to a virus which is transmitted by 
Aphis maydis Fitch. This insect transmits it also from sugar cane to maize and 
sorghum, and to a number of annual weed grasses. All thick tropical varieties 
(Saccharum officinanm ) are susceptible to infection as well as a number of thin 
varieties (S. barbed), and the hybrids between such thin kinds and the thick canes. 
A number of semi-thin varieties (S. sinense), such as the Uba of Natal, do not take 
the infection, or do so very rarely. The disease occurs now in most sugar cane 
growing territories, British Guiana and Mauritius being outstanding exceptions. It 
can be controlled by careful seed-piece selection and roguing out young diseased 
plants, or by growing immune kinds such as Uba, or varieties highly resistant to 
infection, such as P. 0. J. 2878, 2725, etc., or varieties which, although susceptible 
to infection, are very tolerant, such as some of the older P. 0. J. series like 36, 
213, 234. 

t 
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Fiji Disease is of unknown cause, but behaves in the field as if it. were infec- 
tious. It is readily recognised by the presence of pale narrow swellings or galls on 
the veins and midribs of the undersides of the leaves. All thick canes are suscepti- 
ble to infection but vary in tolerance. The disease after causing severe losses was 
brought under control in Fiji by unremitting, careful seed-piece selection of the 
most resistant variety available (Badila) and by taking advantage of the fact, that 
the disease spreads less on poor than on rich land. 

Gumming Disease is caused by the growth of a bacterium ( Bacterium vasculorum 
(Cobb.) G. Smith), in the vessels of the vascular strands. The pathogen is trans- 
mitted from leaf to leaf during wind and rain, infection occurring at injuries 
especially at the abrasions caused by the prickles on the margins of the leaves. In- 
fection may remain almost entirely restricted to the leaves, showing as charac- 
teristic narrow pale speckled stripes following the veins. In the more susceptible 
varieties, it may grow into the stems and fill the vessels with a yellow slime or gum ; 
growth is checked or stopped and the gum may cause serious trouble in the factory. 
A number of varieties of thick canes are commercially resistant to Gumming, and 
the disease can be controlled by replacing the susceptible kinds with them. In 
territories where the disease is present new introductions or new seedlings should be 
tested in plots with kinds of known susceptibility or resistance, to decide if they 
are resistant enough for commercial planting. 

Leafscald is also caused by the growth of a bacterium (B. albilineans Ashby) in 
the vessels of the vascular strands. This organism does not, however, produce a 
slime or gum, so that an infected cane when cut shows no ooze from the fibres. The 
disease occurs in a chronic and an acute form. In the chronic phase, long, narrow 
white stripes are present on the leaves, even on those just unfolding and the strands 
in the stem are reddened, especially in the nodes. As the cane approaches maturity, 
the eyes tend to produce short side shoots with diseased leaves showing white 
stripes, all the eyes on the stem frequently Bhooting in this way. In the acute 
phase, large canes when cold or dry weather causes a check to growth, wilt suddenly 
and wither up without showing signs of the disease either in the leaves or the stems ; 
shoots sprin gin g later, however, from the base of the stem bear characteristic 
leafstripes. In the field, Leafscald behaves like an infectious disease although the 
mode of transmission is not definitely known. Varieties resistant or susceptible to 
Gumming are not necessarily so to Leafscald. The Hawaii seedling H. 109, is very 
susceptible to Gumming but is showing itself resistant to Leafscald in Australia. 
The disease has been controlled by means of resistant varieties. 

Leqfstrijpe is caused by a fungus (Sderospom sacchari Miyake), one of the downy 
mildews. Shoots arising from diseased seed-pieces develop pallid leafstripes. The 
fructifications (conidiophores and conidia) are produced on the under sides of the 
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stripes during the night if a film of water is present due to dew or mist. The spores 
are carried by air currents to healthy leaves where germination and infection occur 
without delay. In favourable weather, the disease spreads rapidly in this way. The 
fungus advances into all organs of the cane, causing the stems to grow to an abnormal 
length, frequently twice the length of healthy canes ; these long canes, however, 
contain little sugar so that heavy losses may result. The more fibrous varieties are 
resistant and the disease can be controlled by growing such as are commercially 
resistant ; this involves loss as such varieties are often less productive than more 
susceptible kinds. 

Sereh is a disease of unknown cause which behaves in the field as if it were 
infectious or contagious. The symptoms are liable to vary with the variety. The 
fibres are often reddened at the nodes and aerial roots may be produced in abundance. 
After topping, the upper eyes do not shoot as they would do in a healthy cane. In 
Java, all thick canes proved more or less susceptible, and the highly resistant hybrid 
seedlings which were bred were not productive enough for general planting. While 
control by seed-piece selection in the lowlands was difficult and uncertain, it proved 
quite feasible in the uplands, and by passing the cane through a descending suc- 
cession of nurseries in the hills, healthy seed could be provided for the lowland 
cultivations every few years. This expensive though effective method of control, is 
g now being gradually given up because the newer hybrid seedlings (P. 0. J. 2878, 

1 2725, etc.) are both highly productive and very resistant to the disease. 

The problem of c ‘ latency 

* Evidence has been obtained that the infection may remain latent ” or dor- 

mant in the cane for a number of months in these major diseases; no symptoms, 
characteristic of the disease, can be detected during the period of latency, but there 
is good ground for thinking that infection can be transmitted during this period 
when Gumming Disease, Leafscald, and Fiji Disease are present. Mr. D. S. North, 

! pathologist to the Colonial Sugar Refining Company, has recorded an instance of 

latency in Fiji Disease. Cuttings carefully selected by him from seemingly healthy 
stools in Fiji, where the disease existed, were sent to two points in New South Wales 
where the disease was not present. The plants grew without showing symptoms 
for nine months when the disease began to show up in a number of them. 

Recently, cuttings carefully selected in the Philippines, where Fiji Disease 
occurs, were sent to Java and planted in an isolated quarantine field. After some 
months the characteristic swellings or galls wqre detected on the leaves of some of 
the plants. In 1920, a supply of cuttings were sent from Formosa to a Japanese plan- 
ting firm in the Philippines. Leafstripe was present in Formosa, but the cuttings 
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were carefully selected at the Government Experiment Station, and were believed to 
be healthy. They were allowed entry but periodically inspected by a pathologist 
during growth. No suspicious symptoms were detected on the plant cane, but in 
the ratoons, the characteristic leafstripes developed on many of the shoots. In this 
instance, the disease had remained latent for 12 months, passing through an 
entire generation in that condition. The disease was eventually eradicated by 
destroying all diseased and adjacent canes before infection was able to spread 
widely. 

In Australia, North has observed many instances of this latent infection in Leaf- 
scald and Gumming Disease which may persist until the cane approaches maturity. 
In selecting seed-cane in infected districts, he recognises three classes of fields, (1) 
diseased, (2) unsafe and (3) safe. No seed-cane is taken from diseased fields nor 
from the { unsafe * fields adjacent to them, even if all the plants appear to be healthy. 
A field is recognized as “ safe ” only if it is at least a quarter of a mile from the 
nearest point of a diseased field. 

The symptoms of Sereh Disease may also remain suppressed for long periods, 
especially in verieties which are resistant. The leaf symptoms of Mosaic may also 
be suppressed or obscure on very tolerant varieties, such as the older P. 0. J. 
series (36, 213, 234) and some of the newer P. 0. J. series. It appears to be generally 
true that infection remains latent or obscure longer the more resistant the 
variety is to these major diseases. It is evident, therefore that certificates of free- 
dom from major diseases accompanying cuttings introduced from countries where 
one or more of them occur, must be accepted with reserve ; in making such introduc- 
tions a prolonged period in quarantine in the receiving territory appears to be 
essential to meet the tendency of the diseases to remain latent. 

Modern methods of quarantine . 

Time does not allow of detailed reference to the methods in use. Valuable 
data can be found in the Proceedings of the First, Second and Third Congresses of 
the International Society of Sugar Cane Technologists, held in Hawaii (1924), Cuba 
(1927) and Java (1929), respectively. In the Proceedings of the Second Congress, 
E. W. Brandes described in detail, with illustrations, the quarantine glasshouse 
procedure in use at Washington in 1927, but begun some years earlier. The intro- 
duced cuttings are heated in water at a temperature of 50-5 1°C. for 15 minutes, 
then disinfected on the surface and planted in sterilised soil in large cans in an 
insect-proof glasshouse. They are grown here for a year and cuttings transferred 
to sterilised soil in concrete containers in a second house, and grown there to 
maturity before being released for propagation in sugar cane areas. At first, in- 
troductions from different countries were grown in separate compartments of the 
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glasshouse, but this was later abandoned and all were grown together. This pro- 
cedure is open to criticism, and was apparently doe to attention being focussed 
mainly on Mosaic ; as the house was insect-proof the vector of this disease ( Aphis 
maydis) was excluded, so that infection could not spread and diseased plants could 
be dealt with individually. In the case of Leafscald, Gumming and Fiji Disease 
where infection might be spread during the period of latency, safety would require 
that all plants in the house might have to be destroyed. In Hawaii, the Sugar 
Planters Station put up a similar house [1924], but with the sides screened with 
insect-proof wire in place of glass, to avoid excessive temperatures. This house was 
provided to receive material which had been passed through the houses at Washing- 
ton, as the quarantine there was not considered sufficient. Recently, the H. S. P. A. 
has removed its quarantine house to the island of Molokai, on which sugar cane is 
not grown commercially, and which is 40-50 miles from commercial cultivations. 
A house similar to that at Washington has been provided in Natal, and two glass- 
houses with wire-screened sides in Mauritius. The Colonial Sugar Refining Com- 
pany has erected one also at Sydney, for introductions destined for their mills in 
New South Wales, Queensland and Fiji, They also plant introductions in private 
gardens near Sydney, a mile apart. The introductions from different countries are 
kept apart, and not more than three varieties grown together from the same source. 
Sydney is distant from the nearest cultivation, but the canes have been found to 
grow well in the open, in the sandy frost-free coastal district. The garden quaran- 
tine is maintained for two years. The Queensland Bureau of Sugar Experiment 
Stations, has adopted a similar garden procedure at Brisbane. In Formosa, Leaf- 
stripe, Leafscald, Sereli, Smut and Redrot were introduced in cuttings before 
quarantine was adopted in 1912. The Government has a quarantine field in 
Northern Formosa, outside the commercial sugar area, where introductions are grown 
for one season. Cuttings from this field are then brought to an isolated quarantine 
field in the tropical cane area, and grown for another season before being released. 

In Java, quarantine was formerly quite lax, but few introductions were made. 
Fenced-off fields have now been made available (1929-30), in forest clearings on a 
mountainside at 2,500 feet, and distant by forest track three to four miles from the 
nearest native village. The introduced cuttings are planted seven feet apart to 
facilitate inspection during the early months of growth, and a laboratory is provid- 
ed for the visiting pathologist who can remain, if necessary, several days. Refer- 
ence has been made to the recent detection of Fiji Disease in one of these quaran- 
tine fields. A quarantine period of about two years has been rather generally 
adopted. If a glasshouse is available, the first year's growth is made in it, prefer- 
ably to maturity, before transfer to a second house. In Hawaii, the second year is 
passed in an isolated quarantine field on Molokai as cane is not cultivated there 
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rst year in a glasshouse followed by a second year in an isolated 
o be recommended for the tropics, where conditions make it 
[rable that the canes should be given an opportunity to develop 
under normal conditions during a part of the quarantine period. In 
it is desirable that tne introductions from different sources 
if this is not done, quarantine may tend to 


commercially, 
quarantine field 
feasible, as it is 
in the open 

glasshouse quarantine, 
be grown in separate compartments 
be unduly prolonged. 

Introduction of true seed . 

It is evident that much time and expense are involved in the introduction of 

varieties in the seed-piece, and always with some risk owing to latent infection and 
obscure symptoms (mosaic) even if quarantine is efficiently carried out. These 
difficulties would apply with much less force to introductions made as “ true " 
seed. It is quite probable that none of the major diseases is carried in the true 
seed. No quarantine might he necessary, or only a short one. At the First Sugar 
Technologists Congress in Hawaii, in 1924, Brandes mentioned that true seed had 
been sent from India to Washington and given good germination. Germination of 
seed in the tassel after thirty days was also reported. Formosa was probably the 
first country to introduce true seed systematically. Owing to weather conditions, 
crossing is difficult, arrowing being uncertain and the pollen of some varieties, 
while fertile elsewhere, is often sterile there. Each season during the last nine 
years, a member of the staff of the Experiment Station has gone to Java and made 
crosses on a plantation controlled by a Japanese syndicate. The fuzz is sent to 
Formosa where it is fumigated and disinfected on arrival. Seven years experience 
has shown that no disease has been introduced in this true seed. Recently, seed 
in the fuzz has been sent from Queensland and India to Hawaii. The seedlings 
raised from this seed, after it is threshed and disinfected, are grown under 
glasshouse quarantine of a few months and planted in an isolated quarantine field 
along with standard commercial varieties. Queensland is also introducing true 
seed from other countries and Java has brought in such seed from Hawaii. Reports 
on the liability of this seed to carry diseases will be awaited with much interests. 
This method may prove to be of much value if some central cane-breeding stations 
maintaining extensive collections of varieties can send away seed of known good 
parentage which can be depended on to give some good canes after selection. In 
this way territories, where production of good seed meets with difficulties, could 
raise seedlings from the introduced seed and make selections likely to be better 
suited to their conditions than seedlings selected elsewhere. It might, in mrge 
measure, obviate the need for introducing varieties in the seed-piece, except 
such as are very outstanding, and substantially lessen the risk of bringing in 
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diseases (see also in this connection A. Glendon Hilt's Report on a visit to the 
Proefstation Oost-Java in March-April, 1930, E, M. B.-S. 0.-33). 

It may he mentioned, in conclusion, that no known cultivated canes are very 
resistant to all the major diseases. P. 0. J. 2878, which now occupies over 90 
per cent, of the estate area in Java, is very resistant to Sereh and very resistant 
to infection by Mosaic as well as very tolerant to it. It is susceptible to Leafscald 
in Java and Formosa and to Fiji Disease in the Philippines. It is also subject to 
some minor diseases such as Red Stripe (due to Bacterium nibrilineans (Lee et al.) 
Elliott) and a form of toprot (Pokkah Boeng). Two new diseases have, moreover, 
been reported recently on this seedling in Java, Ring Mosaic and Stipple. Ring 
Mosaic is expressed as brown concentric rings on the leaves and stems ; it is a 
serious systemic disease, transmitted in the seed-piece, which renders the canes thin 
and short and liable to lodge easily. Stipple , w T hich shows as small oval spots on 
the leaves, causes no loss of vigour and is probably of minor importance. 

It may be inferred from what has been said that the old adage “ more haste, 
less speed ” may apply rather forcibly to the introduction of sugar cane varieties 
in the seed-piece, and that where adequate quarantine equipment has not been 
and cannot be provided, safety requires that such introductions be made indirectly, 
through some central point, where such quarantine has been or can be made 
available. 
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Sugar Experiment Stations, Queensland , 1929. 

' See also Proo. First, Second and Third Congresses, Intemat. 
sections on Sugar Cano Diseases and Quarantines. 

Addendum. 

Undermentioned is the present known distribution oi two important minor diseases 


Red Stripe. 
Hawaiian Islands 
Queensland 
(Fiji) 

United States 
«Jav& 

Uganda 


Streak (a virus disease). 
South Africa 
Mauritius 
Reunion 
Egypt 
Madeira 


NOTES 

HYBRIDS BETWEEN NEW AND OLD WORLD COTTONS. 

In a note dated January 14th, published in Nature of March 12th, Dr. Harland 
(Geneticist at the Cotton Research Station of the Empire Cotton Growing 
Corporation, Trinidad, B. W. I.) describes the successful production of a hybrid 
between Egyptian cotton (G, barbadense) and the red -flowered Indian tree cotton 
(G\ arboreim var, sanguined ). When the occidental type was used as the female 
parent, a hybrid was obtained which, though sterile on the female side 
like the earlier crosses made by Zaitzeff, by Desai (between (?. herhaceum and 
G» hirsutum) and by Harland himself possessed a few functional pollen grains and 
could be crossed back on to 0. barbadense . Of the back cross ’ 5 eight healthy 
plants were raised to maturity. Further back crosses were made between these 
eight hybrids, and G. barbadense and some plants were obtained which were fertile 
on both male and female sides. 

RESEARCH IN PROGRESS IN THE BRITISH EMPIRE. 

The Imperial Bureau of Plant Genetics (for crops other than herbage), School 
of Agriculture, Cambridge, has just issued an c ‘ Account of the Research in Progress 
in the British Empire ” The history and object of this publication is best 
described in the compilers 5 own introduction to this valuable bibliography which 
is, therefore, quoted in full. 

“On March 12th, 1930, the Imperial Bureau, of Plant Genetics issued a questionnaire to the 
Official Correspondents in the various countries which the Bureau was intended to serve. In addi- 
tion to the Official Correspondents, a number of research officers and institutions known by the 
Staff of the Bureau to be engaged in plant breeding also received the questionnaire. One of the 
first aims of the Bureau was to obtain full information of the nature of the work being carried 
out in each research department of the empire. Only by so doing would the Bureau be in a position 
to put workers in one part of the empire in contact with workers in other parts interested in 
similar or allied fields. The Bureau was therefore in the first place dependent upon the response of 
the correspondents ; most of them realized this and I should like to take this opportunity of thank- 
ing these correspondents for the care and promptitude of their replies. 

When the replies to these questions began to come in, it became evident what a vast amount 
of material, original, authoritative and often not elsewhere available, was being collected. Tfce 
desirability of making this material available, of s') making known what are the problems of each 
country, what methods are in use to solve them, with an indication of the results so far obtained, 
led to the present publication. It is in fact a compilation of the information received from corres- 
pondents in reply to my questionnaire. The compilation has not been easy. Some replies were 
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mncli fuller than others. Wherever possible the information where scanty has been supplemented 
by reference to the Bureau hies, to annual reports and other official documents. In spite of these 
efforts the compilers are not yet sure that everything of importance has "been included, or that the 
space allotted to each piece of work strictly corresponds to the relative importance of the work 
It has perforce been dictated by the degree of completeness of the replies. We hope, however, 
that readers will treat us with consideration in such respects and it is earnestly hoped that any 
serious omissions will be immediately notified. 

We frankly expect everyone who reads this work with care to be surprised at the volume of 
research on such diverse subjects which is in progress in the empire. We hope that it will intro- 
duce each reader to some new piece of research of interest to him and about which he has not 
previously known. We hope further that when such is the case we shall have an immediate 
application for more details of that pieee of worn: or that we shall be able to put our correspondent 
into direct touch with those engaged in it. With the possibility of this in mind we have omitted 
all but what we considered the most important details. 

The work is arranged under crops, these being classified according to the Universal Decimal 
Classification, the explanation of which has been the subject of a previous memoir. Within each 
crop the work is sub-divided according to the country in which it is being done. The countries 
are also arranged according to the Universal Decimal Classification. For convenience of reference 
an index is given of both subjects and countries. By means of these indexes it is possible to find 
what work is in progress on a particular crop regardless of country, what work is going on in a 
particular country regardless of crop, or finally the work in a given crop in a given country ”, 

Free copies have been sent to all those ^>n the Bureau's free distribution list, 
and this secures approximately two copies for each Department of Agriculture. 
Additional copies can be obtained from the Bureau, price 3$. 6d , 

The Official Correspondent in India for the Imperial Bureau of Plant Genetics 
(Agricultural Expert, Imperial Council of Agricultural Research) would be glad 
to receive at any time amendments and additions to this publication for forwarding 
to the Bureau for inclusion in any subsequent edition. 



INTERSPECIFIC AND INTERGENERIC HYBRIDIZATION 
IN RELATION TO PLANT-BREEDING. 

This bibliography issued by the Imperial Bureau of Plant Genetics, School of 
Agriculture, Cambridge, in February 1932 is really in the nature of a technical 
communication giving a very general survey of the literature on this intricate 
subject and an indication of its main features. The discussion is sufficiently full to 
be of considerable value and interest to all plant-breeders. Copies have already 
been supplied to those on the Bureau's free distribution list, which secures approxi- 
mately two copies for each Agricultural Department ; additional copies can be 
obtained from the Bureau, price 2 shillings. 

THE SIXTH INTERNATIONAL BOTANICAL CONGRESS. 

According to a decision by the Fifth International Botanical Congress at Cam- 
bridge in 1930, the Sixth Congress will be held in Holland in 1935. An Executive 
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NOTES 

Committee has been formed, President of which is Professor Dr. F. A. F. 0. Went 
(Utrecht), while Professor Dr. J. C. Schoutc (Groningen) will act as Vice-President, 
Dr. W. C. da Leeuw (Bilthoven) as Treasurer and Dr. M. .T. Sirks (Wagenmgen) as 
Secretary. The Committee has decided that the Sixth Congress will meet at 
Amsterdam, September 9th -14th, 1935. Scientific societies are kindly requested 
to reckon with these data in planning their own meetings; 

THE MAYNARD GANG. A RAM PRIZE, 1932. 

Applications are invited for the 4 The Maynard Ganga Bam Prize of the \aluc 
of Es. 3,000 which will be awarded for a discovery, or an invention, or a new 
practical method tending to increase agricultural production in the Punjab on 
a paying basis. The prize is open to all irrepective of caste, creed or nationality 
and Government servants are also eligible for it. Some part of the ciscovery, 
invention, etc., must be the result of work done after the prize was founded in 192o. 
The Managing Committee reserves to itself the right of withholding or postponing 
the prize, if no satisfactory achievement is reported to it. All applications m 
competition for the next award should reach the Director of Agriculture, Punja >, 
Lahore, on or before the 31st December, 1932. 


MGIPC — S4 — III-1-23 — 2-9-32—950. 
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THE MANAGER, GOVERNMENT OE INDIA CENTRAL PUBLICATION BRANCH, IMPERIAL 
SECRETARIAT BUILDING, 3, GOVERNMENT PLACE, WEST, CALCUTTA : 


AND 


ALL AGENTS FOR SALE OF GOVERNMENT PUBLICATIONS. 
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CARBON DIOXIDE ASSIMILATION OE THE LEAVES OP 
THE RICE PLANT, ORYZA SATIVA L. 

BY 

R. H. DASTUR, 

AND 

J. J. CHINOY, 

Botany Department, Boyal Institute of Seience, Bombay. 

(Received for publication on the 10th June 1932) 

(With 5 text-figs.) 

The absorption and assimilation of nutrients by the rice plant has been the sub- 
ject of investigations with the agriculturists for some time past with a view to 
determine the time and the nature of the fertilizer to be given to the plant in order 
to secure the maximum yield with a mininum expenditure of manures. The deter- 
mination of chemical composition of the rice plant at different stages of growth is 
the chief method employed in these investigations. 

Absorption of various inorganic salts has been studied and a large amount of 
useful information is now available, on account of the valuable work of Miyake 
[ 1914 ] and others, about the quantities of different substances, such as potassium, 
phosporus and nitrogen absorbed by the rice plant at different stages of growth. 
On chemical analysis of the plants, it was found that different salts were needed at 
different stages of growth. 

Gile and Carrero [ 1915 ] worked on the absorption of iron salts and found 
that they were only slightly absorbed by the rice plant. They determined the 
iron content of the plant at different stages of growth and showed that the percen- 
tage of iron in green leaves and straw decreased with age but remained constant 
in the ash of the whole plant after 26 days. 

Kelley and Thompson [ 1910 ] determined the composition of the rice plant at 
different stages of growth when treated with different fertilizers and determined the 
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nature of carbohydrates formed in the plant, Kelley [ 1911 ] further showed that 
a mm onium sulphate was a better fertilizer than the nitrates of different metals and 
showed the best time for manuring the plants. 

The assimilation of nutrients by the rice plant has also been studied in India 
by Sen [ 1916 ] and by Sahasrabuddhe [ 1928 ]. The latter author also determined 
the chemical composition of the rice plant (Kolamba variety, 42) commonly culti- 
vated in the Colaba district with a view to determine the assimilatory activities 
of the plant at different stages of growth. He determined the quantities of ash, 
albuminoids, soluble carbohydrates, woody fibres and oil during its life-cycle, at 
first at regular intervals of 15 days and later at different stages of reproductive acti- 
vity such as flowering period, milk-stage, half-ripe stage and full-ripe stage ; and 
from the quantities of the different substances found at different stages 
he concluded that the assimilatory activity of the plant continues up to the 
ripening period and there is. a rise in the assimilatory activity at the flowering 
stage and at the milk-stage. He therefore recommends to manure the plant at the 
two last stages. 

The investigations of the ahovementioned writers, though they give the general 
idea of the total assimilatory activity of the rice plant at different stages, they do 
not tell us anything about the photosynthetic activities of the leaves in the corre- 
sponding stages. The soluble carbohydrate figures given by Sahasrabuddhe [ 1928 ] 
and others are obtained indirectly by subtracting from 100 the amounts of ether 
extracts, albuminoids, woody fibre and ash, but these figures convey nothing about 
the rate of photosynthetic activities of the leaves. The other assimilatory acti- 
vities of the plant follow the photosynthetic process of the leaves as carbohydrates 
are required in the synthesis of proteins and for the production of other substances. 
As the total amounts of soluble carbohydrates present in the leaves do not give us a 
measure of their photosynthetic power at a particular stage, it is necessary to mea- 
sure separately the rate of photosynthesis in leaves at different stages. It would 
then be possib^ to determine the periods of maximum photosynthetic activities of 
the leaves and as other processes depend upon or follow the photosynthetic process, 
the information thus obtained may be of use in determining the time of manuring 
the plants when the photosynthetic activity of their leaves is at its highest pitch. 
It would then also be possible to see if the periods of maximum assimilatory activi- 
ties as obtained by Sahasrabuddhe [ 1928 ] coincided with the periods of maximum 
photosynthetic activity of the leaves of the rice plant. As no such measurements 
so far as the authors are aware have been made of the photosynthetic activity of 
the leaves of the rice plant and as the results are likely to prove of interest, this 
investigation on the carbon dioxide assimilation of the leaves of the rice plant 
is undertaken. 
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Investigation, 

The photosynthetic rate of the leaves of the rice plant is measured in two 
different ways. (1) It is measured by measuring the difference in the quantities 
of different carbohydrates present in the leaves analysed early in the morning 
before sunrise and in the evening before sunset, at different stages of growth of the 
rice plant. This method has got evident objections, as respiration and transloca- 
tion of carbohydrate material introduce errors in investigations. However, it is 
sufficiently accurate to give a general idea, if not a definitely acccurate one, of the 
photosynthetic activities of the leaves at different stages of growth. (2) The rate of 
photosynthesis is measured by finding out the quantity of carbon dioxide ab- 
sorbed by unit leaf area in unit time under controlled conditions of experimentations. 

Determination of carbohydrates in leaves . — The extraction and estimation of 
carbohydrates in leaves has proved a difficult problem owing to the presence of en- 
zymes in the leaves and on account of very minute quantities of carbohydrates pre- 
sent in them. Various attempts were made to measure the carbohydrate contents 
of leaves but they were all open to grave objections on account of apparent defects 
in the technique of the methods employed. Great advance was made, however, in 
the technique of estimating carbohydrates by Brown and Morris [ 1393 ] when 
they first attempted the sugar analysis of the leaves of Tropaeolvm majus. The 
methods employed in the estimation of carbohydrates were purely chemical, 
depending upon osazone tests and copper reducing power of sugars before and 
after hydrolysis. Similar methods were employed by Park [ 1911 ], Lewis and 
Tuttle [ 1920 ] and many others. Davis, Daish and Sawyer [ 1913 ] were the first 
to point out the defects in the methods employed by previous workers for extract- 
ing the leaves and made various improvements. ' Brown and Morris [ 1893 ] dried 
the leaves in an oven. This introduced an error in the estimations of the 
respective quantities of carbohydrates present in the leaves, as during the slow 
process of drying the enzymes acted upon the sugar and brought about a change 
in their respective amounts. Maltose is normally absent in the leaves but is found 
to be present in the leaves in the experiments of Brown and Morris [1893] 
which is due to the action of the enzyme known as maltase on the starch present 
in the leaves. This error was avoided by Davis, Daish and Sawyer [ 1913 ] by 
dropping the leaves in boiling alcohol containing about one per cent, of ammonium 
hydroxide and thus destroying the enzymes instantaneously. Addition of a 
little ammonia to the alcohol facilitates the penetration of the latter into the tissues 
of the leaves and killing of the enzymes as soon as they come in contact with it. 
The same authors have greatly improved upon the technique of separating other 
foreign substances such as gums, resins, tannins and others from the sugar solution. 




434 INDIAN JOURNAL OF AGRICULTURAL SCIENCE t U V ‘ 


especially by the use of basic lead acetate. They have also improved upon the 
methods of inversion of cane sugar by 10 per cent, citric acid and of the hydrolysis 
of starch into maltose and dextrose by the use of taka-diastase at 38°-40°C. They 
also made polarimetric estimations of the carbohydrates at a constant temperature 
with a monochromatic light from a sodium lamp. 

The same methods of extracting and separating the carbohydrates from 
different foreign material are employed in this investigation with certain modi- 
fications and precautions according as the nature of the assimilating material and 
the local conditions made it imperative. For estimating the carbohydrates, 
colorimetric method first used by Folin and Wu [ 1918 ], Calvert [ 1923, 1924 ], 
and recently improved upon by Dastur and Samant, in this laboratory, is used. 

It is noticed that the method of extraction of sugars used by Davis, Daish 
and Sawyer [ 1913 ] is not exactly applicable to the extraction of sugars from the 



Method. 


leaves of the rice plant. In order to extract the sugars completely it is necessary 
to extract the leaves with alcohol for nearly 100 hours, otherwise much of the 
sugars remain unextracted. One year's work on the carbohydrate anatysis had 
to be discarded on account of this important point being unnoticed before. 

Similarly the method of estimating sugars improved upon by Dastur and 
Samant had to be greatly modified as experience was gained and the whole method 
is now so perfected that it can be used as a standard method for estimating 
carbohydrates present in a small sample of plant material. It is hoped to publish 
the whole method of extraction and estimation of carbohydrates in a separate 
paper. 


The rice seedlings (Kolamba variety 42} were obtained from Karjat and 
transplanted in a special plot of ground in the College Garden. Transplantation 
out in the usual way on 23rd of July 1931. A week was allowed to 
plants to get a firm hold in the soil The first reading for the 
measurement of photosynthetic activity was taken on the 1st August, 

Leaves for extraction were gathered from the same bed for the morning as 
well as evening readings. Great care was taken to select leaves of all ages and 
leaves of only half the bunch were plucked for the morning reading, the other 
was left for the evening reading. As soon as the leaves were plucked from 
a certain part of the bed it was marked off and no samples were taken from that 


The leaves were removed without any loss of time to the laboratory and 
50 grms, were taken for extraction. After weighing, the leaves were quickly cut 
into small pieces and were introduced into a round-bottomed flask containing 
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boiling alcohol to which a little ammonia was added as recommended by Davis, 
Daish and Sawyer [ 1913 ]. The sugars and starch are extracted and estimated 
according to the methods mentioned above. The following tables (I V) give 
the results of the carbohydrate analysis of the leaves of the rice plant taken in the 
morning at 6 a.m. and in the evening at 6 P.M. 

Table 1. 

The different carbohydrates present in the leaves in the morning . 


Date 


$ 


1931 

1st August 
8th „ 

17th „ 

25th „ 

3rd September 
11th 

21st „ 

30th 

9tb October . 
18th „ 

28th „ 


Hexoses in 100 
grms. of dry 
weight of leaves 
in grms. 

Cane sugar as 
hexoses per 100 
grms. of dry 
weight of leaves 
in grms. 

0-0335 

1-9785 

0-0233 

2*3177 

0*0520 

2*8960 

Nil 

2*4730 

0-0313 

3*3677 

Nil 

1*9770 

Nil 

3*9440 

Nil 

3-1370 

Nil 

2*9870 

0-0286 

5-4604 

0*0242 

2*8858 


Starch as hexoses 
per 100 grms. 
of dry weight of 
leaves in grms. 


0*1255 

0*13.12 

0*2675 

0*2601 

0*2556 

0*2173 

0*1998 

0*1840 

0*1484 

0*1248 

0*1093 


Table II. 

The different carbohydrates present in the leaves in the evening at 6 p.m. 


Date 


/ : 

4* 


1931 


1st August 
8th „ 

17th „ 

25th „ 

3rd September 
11th 

21st „ 

30th 

9th October . 
18th „ 

28th „ 


Hexoses in 100 
grms. of dry 
Weight of leaves 
in grms. 


0*0477 

0*0529 

0*1647 

0-1060 

0*0455 

0*0258 

0-0272 

0*0286 

0*0639 

0*2271 

0*0379 


Cane sugar as 
hexoses per 100 
grms. of dry 
weight of leaves 
in grms. 


6*7003 

11*8771 

13*0953 

11*1740 

9*6395 

8*6242 

6*2178 

5*0034 

13*0561 

18*6279 

6*2701 


Starch as hexoses 
per 100 grms. of 
dry weight of 
leaves in grms. 


0*4540 

0*5572 

0*7129 

0*8198 

0*7958 

0*5675 

0*5789 

0*3922 

1*0725 

1*9381 

0*5754 
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Table III. 


Quantities of different carbohydrates formed in the leaves in ten hours. 


r" : 

\ 

Bate 

Hexoses per 100 
grms. of dry leaf 
material in grms. 
(difference) 

Cane sugar as 
hexoses per 100 
grms. of dry leaf 
material in grms. 
(difference) 

Starch as hexoses 
per 100 grms. of 
dry leaf material ‘ 
in grms. (difference) 


1931 





1st August .... 

0-0142 

4*7218 

0*32S5 


jA 

<+5 

CO 

0*0290 

9*5594 

0*4260 


17th „ 

0*1127 

9*1993 

0*4454 


25th 

0*1060 

8*7010 

0*5597 


3rd September 

0*0142 

6*2718 

0*5402 


llth „ ... 

0*0258 

6*6472 

0*3502 


■ 21st 99 * * * 

0*0272 

2*2738 

0*3791 


30th ,» ... 

0*0286 

1*8664 

0*2078 


9th October 

0*0639 

10*0691 

0*9241 


18th „ ... 

0*1985 

13*1675 

1*8133 


28th „ ... 

0*0137 

3*3843 

| 

0*4661 


Table IY. 


Total carbohydrates present in the leaves in the morning. 


Date 

Total carbohydrates 
as percentage of dry 
weight of the leaves 
in grins. 

Total carbohydrates 
as percentage of fresh 
weight of leaves 
in grms. 


1931 







1st August 






2*1375 

0*3547 

8th • 






2*4722 

0*4456 

17th „ 






3*2155 

0*6653 

25th „ 






2*7331 

0*5189 

3rd September 






3*6546 

0*8304 

llth 






2*1943 

0*5453 

21st „ 






4*1438 

0*9781 

30th 




ft 


3*3210 

0*8634 

9 th October 




ft 


3*1354 

0*8178 

18th „ 




ft 


5*6138 

1*6241 

28th „ 


* 




3*0193 

0*9143 
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Total carbohydrates present in the leaves in the evening at 6 p.m. 


; fr ' 
" if®!#'' 

! 


Date 

Total carbohydrates 
as percentage of dry 
weight of the leaves 
in grms. 

Total carbohydrates 
as percentage of fresh 
weight of leaves in 
grins. 


1931 






1st August 

* • • 

, , 



7*2020 

1*3769 

8th „ 

• • * 




12*4872 

2-4649 

17th 





13-9729 

2*8810 

25th 

• • « 

0 « 



12-0998 

2*4822 

3rd September . 


* 9 

m 


10-4808 

2*4479 

llth 


» * 

9 


9-2175 

2*2751 

21st „ • 

« * ♦ 

9 * 



6-8239 

1*7964 

30th „ 

• • • 

« * 

9 


5-4242 

1*3884 

9th October 


• • 

9 


14-1925 

3*9288 

18th 


' « 

« 


20-7931 

5*9155 

28th „ . 


• • 



6-8834 

i 

2*2225 


Table VI. 

Total carbohydrates formed in the leaves in ten hours. 


Date 


Total carbohydrates 
as percentage of the 
dry weight of leaves 
in grms. 


Total carbohydrates 
as percentage of the 
fresh weight of leaves 
in grms. 



1st August 
8th 
L7th 
>5th 

3rd September 
■1th i» 

51st »» 

;oth 

9th October 




■ 
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Table I gives the quantities of hexoses, cane sugar and starch present in the 

leaves in the morning. The cane sugar and starch values are given m eqmva en 
teles in all the table. It is evident from Table II that there is certain 
amount of curbohvdratc still left in the leaves to the morning and the quantity of 
cone sugar present is to large, quantities than hexoses and starch. The quant, y 
oTheles present in the morning is very small and is totally absent on some days. 

Table II gives the values of the three carbohydrates present to the evening m 

the leaves of the rice plant. Again the quantity of cane sugar present on each 
day far exceeds the other carbohydrates. There are two periods when the 'l us °'^’ 

of cane sugar reaches its maximum values, the first pmiod being n. August and the 

second in October at the time of flowering. The quantity of starch present is very 
little in comparison with that of the oane sugar. In August and m October the .tee, 
values, like the cam, sugar values, are higher than those obtained on other day 
big depression in the quantity of carbohydrates in September is an unique feature 

these results. 

Table III gives the quantities of carbohydrates formed in the leaves in ten 
hours ‘ and obtained by deducting the values of the three carbohydrates present m 
the morning samples from the corresponding values present in the evening samples. 

The results show the same features as discussed above supporting the same con- 
clusions. 

If the results are studied as the total carbohydrates as percentages of either 

dry or fresh weights present in morning or evening samples or as the tota car- 
bohydrates formed in ten hours, exactly the same conclusions are arrived at T 
total carbohydrate values for the morning and evening samples of leaves and forme 
to leaves in feu hour, are given to Tables IV, V and VI. The feta carbohydrate 
values given in these tables are calculated both as percentage of fresh and dry 
weights. It is clear from the results obtained that the photosynthetic ac m y 
increases after transplantation and reaches its first maximum m August ere is 
a depression in the photosynthetic activity of the plant in September and L it reaches 

its second maximum in October at the time of flowering and then it falls towar 

the end of October. 

The graphs showing the photosynthetic activity of the rice plant during the 

season are given in Figure 1. The total carbohydrate values in the “ 

evening samples and formed in ten hours are given as percentage of fresh weigh . 









WfhAf. !Olh. ZQth. 30th. ZtkSefd. IBth. 

Fig. 2. Total cane sugar as hexoses in grams per 100 grams of fresh weight of the leaves present 
in the morning, in the evening and formed in ten hours in 193L 
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The carbohydrate analysis of the leaves in the same manner described above 
was made again in the previous year and the results showed the same features. As 
the number of readings taken in 1930 was small, they are not given in detail here 
but the graphs showing the photosynthetic activity as determined by the total 
carbohydrate values present in the morning and evening samples and formed in 
ten hours are given in Figure 3. The curves of the photosynthetic activity during 
the season obtained for both the years are identical. 


■* jtcftwMg. J&uej 0 ) 

'O " (z) 

&$ez0nce£t £ (z) & (/) 


zx-ndjUf tt.Au}. m. nx. 3ht. mjtj*. 2m~~ == 3d^ 1 — — 

Kg. 3. Total carbohydrates as hexoses in grams per 100 grams of fresh weight of the leaves present 
in the morning, in the evening and formed in ten hours in 1930. 

It was considered of interest to determine the progress of photosynthetic 
activity of the leaves during the day by taking samples of leaves every six hours 
and analysing their carbohydrate contents. The best period would be when the 
photosynthetic activity is at its maximum. One such series of sugar analysis 
of leaves was made on the 17th August, the second on the 21st September, and the 
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third on the 18th October. The samples were taken at 6 a.m. ? 12 noon, 6 p.m. and 
12 midnight. 

Table VII. 


Results of Sugar analyses of leaves on 17th August 1931 . (Rain for two hours at 

12 noon . Temp. 27°-28° G.) 



6 A.M. 

12 Noon 

6 P.M. 

: 

12 Midnight 


Hexoses ...... 

0*0520 

0*2332 

0*1647 

mi. 

Oane sugar 

2*8960 

13*1268 

13*0953 

8*7090 

Starch 

0*2675 

0*4969 

0*7129 

0*3668 

Total carbohydrates as hexoses . j 

3-2153 

13*8569 

13*9729 

9*0758 


The quantities of different carbohydrates increase at 12 noon and remain 
constant till 6 p.m. except for a slight decline in cane sugar and increase in starch. 
At midnight the cane sugar value has fallen to 8*7090 grins, while the starch value is 
much reduced. The fall in cane sugar indicates that cane sugar is translocated as such, 
as there is no corresponding increase in the hexoses which on the contrary are totally 
absent. From the constant value of cane sugar obtained at 12 noon and 6 p.m. it is 
difficult to say whether the photosynthetic process goes on vigorously or it is checked 
in its rapidity on account of the accumulation of photosynthetic products. It is also 
reasonable to expect that translocation goes on during the day time and the 
constant values of carbohydrates indicate the maximum capacity of leaves to store 
up the photosynthetic products. If the latter is the case, the rate of the photo- 
synthetic process is generally influenced by the speed of translocation of the 
photosynthetic products. 

The same features were noticed in the second series of sugar analysis carried 
out on the 21st September. 

Table VIII. 


Results of Sugar analyses of leaves on 2lst September 1931 . 







6 A.M. 

12 Noon 

6 p.m. 

12 Midnight 



Hexoses 

. 

• 

. 

. 

Nil. 

0*0257 

0*0272 

0-0240 

Oane sugar . 

* 

. 

* 

• 

3-9440 

6-9923 

6*2178 

4*8490 

Starch . 

» 

. 

• 

• 

0-1998 

0-5548 

0*5789 

0*2296 

Total carbohydrates as hexoses 

• 

• 

4*1438 

7*5728 

6*8239 

5*0926 
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The total carbohydrates present in the leaves are less than the quantities 
present in August, indicating a depressed photosynthetic activity. The cane sugar 
values are reduced to one half the quantity present in August. In other respects 
the results of carbohydrate analysis made in September agree with those of August. 

Table IX. 

Results of Sugar analyses of leaves on 18th October 1931. 


12 Noon 


12 Midnight 


Cane sugar 


Starch 


Total Carbohydrates as hexoses 


The values of the different carbohydrates are higher than the corresponding 
values in August and September. The value for starch is higher at 6 p.m. than at 
12 noon as on former occasions. Another important feature of the results is the 
highest value for cane sugar at mid-day. This result agrees with that obtained for 
the mangold leaves by Davis, Daish and Sawyer [1913]. In their results the cane 
sugar curve reached a maximum at 12 noon. 


Measurement of the rate of carbon dioxide absorption 

To measure the rate of carbon dioxide absorption by the leaves of the rice plant 
under constant and uniform conditions of experimentation it was necessary to make 
use of the continuous current method, first used by Kreusler [ 1885 ] and then by a 
series of workers on photosynthesis. It was necessary, as pointed out by Dastur 
[ 1925 ] to use leaves attached to the plant for making such measurements, and 
therefore it was undertaken to use the apparatus originally devised by Dastur 
[ 1925 ] with certain modifications suitable for this investigation. A short descrip- 
tion of the apparatus is given below. 

A big galvanised iron bank is used for keeping the potted rice plant. The pot 
of the plant was kept under water in the tank (Fig. 4). 


Ic& chamber 



dioxide assimilation of the leaves under uniform conditions* 
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A rectangular box 13 in. by 4 in. by 2 — 5 in. was made with one of the two larger 
surfaces made of glass and was used as a leaf chamber. The box has a water jacket 
half an inch deep surrounding the box on all sides except on the glass surface. 
There are two holes with projecting tubes made in the water jacket for the inlet and 
outlet of water. A big rectangular hole 3 in. by § in. with a projecting tube J in. long 
is kept for the purpose of inserting four leaves of the rice plant. There are also inlet 
and outlet tubes for conducting the gas inside and outside of the chamber. There is 
another small hole made to take a thermometer. A wire gauze is fixed on the 
floor of the chamber to rest the leaves, so that gaseous exchange on their under 
surfaces could not be obstructed. 

Temperature of the leaf chamber was regulated by circulating the water 
through the water jacket surrounding the leaf chamber. The flow of the current was 
regulated so that the temperature of the leaf chamber remained very nearly 30°0., 
as the temperature of the air in the monsoon months always fluctuated between 
28° and 30°C. 

Source of light . — Throughout the course of the present investigations, a gas- 
filled 220 Volt, 1500 Halfwatt Osram, electric bulb was used as a source of light. 
It was kept at a measured distance of 40 cm. from the leaf. The heat rays emana- 
ting from such an electric lamp were cut off by interposing a water cooler in which 
water was continuously circulated. In this manner all the heat rays were absorbed 
and the temperature of the leaf chamber remained constant. The layer of water in the 
cooler was always 2 in. deep in all the experiments. As all the above-named factors 
are kept constant all throughout, there is no difficulty in obtaining a constant and 
uniform amount of radiant energy for the leaf per sq. cm. per second in all the 
cases. This was measured as done by Dastur [ 1925 ] by means of a thermopile. 


■■H 

llllSil 



Apparatus for absorbing carbon dioxide . 

In all the experiments on the C0 2 -assimilation where a current of air or a 
current of air mixed with a certain percentage of carbon dioxide is passed through 
the leaf chamber, the results for absorption are obtained by finding out the difference 
between the carbon dioxide concentration before and after the current passes over 
the assimilating leaf. The methods followed for the absorption of carbon dioxide 
by different workers have been different. The determination of the remaining 
quantity of carbon dioxide is not as difficult in the case of a current having a very 
high percentage of carbon dioxide, as it is when ordinary air is used. The experi- 
mental error is magnified in the latter case, as the quantity of the carbon dioxide 
present in the air is very small. This necessitates a very accurate arrangement for 
the absorption of carbon dioxide. 


Mi 
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For absorbing carbon dioxide from the air current, Reiset towers are used as 
done by Kidd, West and Briggs [ 1921 ] and by Middleton [ 1927 ], as the carbon 
dioxide is completely absorbed even when the air current is made to flow at a 
speed of 1 00 litres p er hour. On experimenting, with the Reiset towers it was dis- 
covered that slight traces of carbon dioxide remain unabsorbed when two Reiset 
towers were used and therefore it was necessary to put an additional absorbing bottle 
after the Reiset towers and this devise proved successful. The bottle had two 
inlet tubes and one outlet tube. The ends of the tubes were drawn so as to pro- 
duce a fine stream of bubbles. The diameters of the tubes were kept the same. 
An additional hole in the rubber cork was kept to take the end of burette during 
the titration operations, so that carbon dioxide of the air may not come in contact 
with liquid inside the bottle. 

As there was a direct air current and also an air current passing through the 
chamber, two sets of Reiset towers and bottles were used in each experiment. 
Each set of absorption apparatus consisted of two Reiset towers and one bottle. 
Pure — g- NaOH (Merck's product) used for absorption was stored in a dark bottle 
(3 litre capacity) to which a burette with siphon arrangement was attached. By 
opening a glass stopper the liquid could be made to run into the burette. The end of 
tne burette was fitted in the fourth hole in the stopper of the absorbing bottle ■ and 
p 25 c.c. of the NaOH solution were run into it. 50 c.c. of NaOH solution were run 

into each Reiset tower. The absorbing apparatus was arranged as shown in 
Figure 4. The two sets of the absorption apparatus were connected to a manometer 
which was finally joined to a gas-meter and then to a water pump. 

After each experiment the two sets were removed and new ones were replaced. 

Gas . — The gas which was drawn through the absorbing sets was ordinary air. 
It was first of all allowed to pass through a big empty bottle after which the current 
was bifurcated, one of the bifurcated streams going straight to one set of Reiset 
towers, the other entering the leaf chamber and through the leaf chamber it entered 
into the other set of the absorption apparatus. 

The idea in intercepting a big empty bottle at the entrance of the gas in the' 
apparatus was to prevent any slight variations in pressure which might be caused 
► by an increase or a decrease in the force of the water running in the pump. 

As the total volume of the air drawn through the absorption apparatus during 
the course of an experiment was nearly 75 to 80 litres, a gas-meter was used to get 
an idea of the volume of the gas passed through the apparatus. 

Experimentation. 

The rice plants were gro wn in pots from the time of transplantation. The 
seedlings for transplantation were obtained from Karjat for which the authors have 
to thank the Rice Specialist at Karjat. 

c 2 
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It was discovered that rice plant in pots grows best when they (pots) are sunk 
in the soil in the rice beds. Otherwise the plant does not gro w and remains dwarf 
and in many cases it dies. The rice plants in the sunk pots were as tall and healthy 
as the plants grown in the rice beds. 

For every experiment a potted plant was taken and four leaves most suitable 
for experimentation were selected. 

A mixture of bees wax and paraffin wax (M. P. 50°-52°C.) in equal proportions 
was used for embedding the leaves in the chamber. 

The special feature of the leaf chamber, constructed for the purpose, was the 
rectangular slit through which the leaves were introduced in it. This arrangement 
served a double purpose : (1) it facilitated the work of fixing a leaf with a sheathing 
petiole, (2) it allowed the introduction of more than one leaf into the leaf chamber. 
The rubber stopper for the slit was prepared from an India rubber slab by cutting 
and filing it to required proportions. It was cut into two and in one of the halves 
a slight depression (Fig. 4) was made to rest the leaves on it. 

The leaves were carefully fixed between the two halves of the stopper with the 
mixture of bees wax and paraffin. The leaf chamber was slowly brought near and 
the leaves were introduced in the chamber through the rectangular slit and melted 
wax was poured all over the stopper to make the chamber completely air-tight. 
The leaf chamber together with the potted plant was then lowered into the plant- 
chamber. Great care was taken to see that the leaves were not injured in any way 

by a pull or by a twist. 

The adjustment of the distance of the source of light being made, the light was 
switched on, the ooler was placed in its proper position and cold water was cir- 
culated through it. The outlet tube of the leaf chamber was connected to the 
water pump and air was drawn for about an hour to allow the leaves to adjust 
themselves to the external conditions. The flow of water was adjusted in the 

vater jacket surrounding the leaf chamber. 

The actual experiment was started generally at 11 a.m. when the air was 
drawn through the two sets of absorption apparatus for one hour. Three such 
readings of the assimilation of the carbon dioxide were taken. The light was 
switched off and the whole apparatus was left in the dark for an hour and the 
readings for respiration in air deprived of its carbon dioxide were taken. 

Estimation. 

A number of blank experiments were carried out to test the accuracy of the 
absorbing apparatus. The current of air introduced into the apparatus waB 
bifurcated, one of the streams going direct to one set and the other to the second set 


CARBON DIOXIDE ASSIMILATION OF LEAVES OF RICE PLANT 



4 * 



447 

of the absorption apparatus after passing through the leaf chamber. The following 
experiments were performed to prove the efficacy of the absorbing apparatus, 

A current of air was drawn for an hour through the two sets of absorption 
apparatus, each Reiset tower and bottle containing 50 c. c. and 25 c. c. of NaOH 
solution respectively. All the connections were made as described before with the 
difference that no leaves were enclosed in the leaf chamber during the performance 
of these experiments. The following are some of the results obtained when the rate 
of bubbling is 20 bubbles per 30 seconds. 

Table X, 

The amount of carbon dioxide absorbed by the two absorption sets from the ah- streams , 

21st June 1930 . 


Chamber stream Direct stream 

Grins. Grms. 

50 c. c. ISTaOH, 1st Reiset tower. 0*010408 0-010630 

50 c. c. „ 2nd 0*009080 0*008192 

25 e. c. „ 1st bottle ......... 0*001108 0*001772 


Total absorption in each set . . 0*020590 0*020594 


The values given in Table X above are the amounts of carbon dioxide in 
grms. absorbed individually by each Reiset tower and bottle. It becomes evident 
that the air current is exactly halved. The total absorption of carbon dioxide in 
each set of the absorption apparatus is the same. 

To ascertain whether the same volume of gas is passed through the apparatus 
every time, readings were taken at different times during the day and also on 
different days. On comparing the results of absorption of 00 2 taken on 21st June 
1930 (given in the preceding table) and those taken on 28th June 1930, which are 
tabulated below, it will be seen that the volume of the air current passed through 
the apparatus remains fairly constant in all the experiments. 

Table XL 

Rate of bubbling — 20 bubbles per 30 seconds . 


Chamber stream Direct stream 

Grms. Grms. 

50 c, c, NaOH 1st Reiset tower 0*010408 0*010630 

60 0. 0. „ 2nd „ „ . . . . . . . 0-009078 0-009080 

86 o. o. „ 1st bottle . . . ... . . . 0-001772 0-001560 


Total absorption in each set . . 0-021268 0-021260 


d 
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It was found that the rate of 20 bubbles per 30 seconds gave higher values for 
the carbon dioxide absorption than when the air was bubbled through the absorp- 
tion apparatus at a greater speed. 

Hydrochloric- acid solution.— Four c. c. of concentrated hydrochloric acid were 
diluted with a litre of distilled water and its strength determined in the following 



manner : — 

Q-6N succinic acid solution was prepared and 10 c. c. of it were titrated 
against NaOH solution from the siphon burette. 25 c. c. of the dilute HC1 were 
then titrated against the standardised NaOH solution. The indicator used was the 
Universal Indicator supplied by the British Drug House. 

Sodium hydroxide solution NaOH solution £ ^ J for absorption was prepared 

by dissolving a weighed quantity of pure NaOH sticks in a litre of water. The 
volume was made to 3 litres in the bottle attached to the siphon-burette. The NaOH 
sticks contain a certain amount of initial carbonate which must be determined and 
the amount should be deducted from the figure obtained for the absorption of CO a 
to realise the true value of absorption. 

Titration. — The NaOH solution was titrated with standard HC1 solution using 
the Universal Indicator ; 4 or 5 drops of Universal Indicator were put in the Reiset 
tower or the bottle containing the NaOH solution and violet colouration was given 
to the solution. This was titrated with about 0 - 2N HC1. This acid neutralised 
the NaOH and half the bicarbonate. The end-point of the reaction was shown by 
greenish yellow colour. The solution was finally titrated with standard HC1 
(0-05 N) to determine the other half bicarbonate, the end-point being marked by 
pink colouration. The total carbonate is obtained by multiplying the figure 
obtained by 2. Thus the carbonate present after the absorption is determined. 
The initial carbonate present before the absorption is subtracted to get the real 
value of the carbonate after the air current is drawn through the solution. Similar 
determinations are carried out for every Reiset tower and bottle. The total 
carbonate value of the stream passing through the leaf chamber is subtracted 
from the total carbonate value of the direct stream, to obtain the value for 
apparent assimilation. From the data, assimilation per unit area could be 
calculated out. 

The respiratory values are also obtained in the same manner and they are 
added to the corresponding values for apparent assimilation. The leaves absorb 
certain amount of carbon dioxide from the air current which is given by the 
difference of . the absorption of the direct and leaf chamber streams plus the carbon 
dioxide evolved in respiration during the period of the experiment ; thus if a 
represents the difference in the absorption values of direct and leaf chamber 
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streams and b the amount of carbon dioxide evolved in respiration during the 
period of the experiment, a -J~ b will be the real assimilation. 

Table XII. 

A.jppai &nt assimilation of 00% in fjTms, j)gt 100 sq. cm* jogt Jiout , 

Reading No. 1, Reading No. 2, Reading No. 3, 

■ Uate 11 a.m. to 12 12-30 to 1-30 2 to 3 

noon p.m. p. m . 


22nd July 1930 
1st August „ 


15th „ 


30th „ „ 

5th September 1930 


3rd October 


0*00385 gnus. 0*00412 grms. 0*003573 grins. 


0*00569 

0*000765 

0*00673 

0*00678 

0*00702 

0*00726 

0*00725 

0*00776 

0*00761 

0*00701 

0*00714 

0*00734 

0*00734 

0*00752 

0*00973 

0*01730 

0*01556 

0*01650 

0*01530 

0*01603 

0*01512 

0*01355 

0*00748 


0*00510 

0*00790 

0*00621 

0*00678 

0*00735 

0*00759 

0*00768 

0*00746 

0*00763 

0*00708 

0*00752 

0*00771 

0*00751 

0*00781 

0*01020 

0*01758 

0*01580 

0*01700 

0*01552 

0*01650 

0*01664 

0*01403 

0*00765 


0*00569 

0*00814 

0*00655 

0*00717 

0*00736 

0*00743 

0*00768 

0*00761 

0*00770 

0*00704 

0*00733 

0*00752 

0*00768 

0*00796 

0*01081 

0*01786 

0*01603 

0*01690 

0*01508 


0*01621 

0*01308 

0*00732 
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Table XIII. 

■aspiration amount of GO g in grms. per 100 sq. cm. given out by 
respiration in one hour . 


Readings for n 


Beading No. 1, 
4 to 5 p.m. 


22nd July 1930 
1st August „ 


0*00549 


0*00947 


0*00947 


0*00949 


0*00985 


0*00969 


0*01000 


0*01015 


0*01005 


0*01010 


0*00928 


0*00952 


5th September 1930 


0*01000 


0*01009 


0*00921 


0*00901 


0-00905 


0*00939 


0*00973 


0*01030 


0*01019 


3rd October 


0*01211 


0*01326 


0*01155 


0*01109 


0*01486 


0*01462 


0*01441 


0*01419 


0*01369 


0*01405 


0*01405 


0*01215 


0*01169 


0*00845 


0*00830 
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Table XIV. 


“Real 33 CO 2 — assimilation . 


Date 

Total amount of C0 2 
absorbed in grins, per 
100 sq. cms. of leaf area 

Date 

Total amount of C0 2 
absorbed in grins, per 

100 sq. cms. of leaf area 

1930 . 

22nd July 

0*01023 gnus. 

1930 . 

19 th September 

0*01652 grins. 

1st August 

0*01120 „ 

23rd „ 

0-01706 „ 

5th „ 

0*01654 „ 

28th „ 

8-01720 „ 

10th „ 

0*01610 „ 

3rd October . 

0*02043 „ 

15th », 

0*01651 „ 

7th „ . . | 

0-03026 „ 

18th. „ 

0*01660 „ 

8th „ 

0-02711 „ 

21st „ 

0*01720 „ 

10th „ 

0-03103 „ 

25th „ 

0*01754 „ 

11th „ 

0 02961 „ 

30tb „ 

0*01761 „ 

15 th „ 

0-03018 „ 

5th September 

0*01714 „ 

16th „ 

0-03004 „ 

11th „ . 

0*01711 „ 

17th „ 

0-02548 „ 

1 5 th 

0*01654 

31st „ , , 

0-0158S „ 


Table XII gives the values for apparent assimilation of 00 2 per sq. deci- 
meter of leaf area per hour from 11 a.m. to 3 p.m. These determinations were 
made from the 22nd July up to 31st October. The values of C0 2 -assimiiation 
obtained vary slightly from hour to hour and it may be due to variations in the photo- 
synthetic activity of the leaves. Such diurnal variations of the photosynthetic 
activity with low concentrations of carbon dioxide at constant intensity of light- 
have been recorded by Maskeli [1928]. The rate of apparent assimilation in the 
early stages of growth is about 3 to 6 milligrams per sq. decimeter of leaf-surface 
per hour, and then the rate of apparent assimilation remains fairly uniform during 
the months of August and September. Highest rate of apparent assimilation is 
found in October when the value goes as high as 16 milligrams per 1 sq. decimeter 
of the leaf-surface per hour. Towards the close of October the rate of assimlation 
falls rapidly. 

Table XIII gives the values for respiration. Two determinations of respira- 
tion are made every time when the apparent C0 2 - assimilation is measured. The 
aynount of COg respired is generally higher than the amount of CO ? absorbed. as 
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comparison of the figures in Tables XII and XIII will show. The respiratory acti- 
vity is highest when the apparent assimilation is highest. 

Table XIV gives the values of true or “ real ” assimilation obtained by adding 
the mean value of the three apparent assimilation values to the mean value of the 
two respiration readings. The real assimilation for the leaves of the rice plant 
fluctuates between 10 and 30 mgrms. per 100 sq. cm. (or 1 sq. decimeter), of the 
leaf-surface per hour. 

The rate of assimilation remains fairly constant in the month of August and 
shows a slight rise and towards the end of August and in the beginning of Septem- 
ber the rate of assimilation reaches a higher value on the 19th of September after 
which there is a fall. The second big rise in assimilation occurs in the first week 
of October, i.e., at the flowering stage. From the 10th October to the 16th Octo- 
ber the rate of assimilation is highest and then there is a decline. 

The graph showing the real assimilation at different stages of growth is shown 
in Fig. 5. The great rise in the rate of assimilation in October, i.e., between 88 
and 98 days after transplantation is clear from the graphs. 



Fig. 5. — Real assimilation of carbon dioxide in milli-grams per hour per 1 sq. deei-meter of the 
leaf area. 
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Conclusions. 

As tie photosynthetie activity of the rice plant is determined by two inde- 
pendent methods, it would be of interest to compare the results thus obtained. The 
values of the photosynthetic activity of the rice plant obtained either as total 
hexoses formed or as carbon dioxide assimilated could not be compared by convert- 
ing hexoses into carbon dioxide or vice versa. In one case photosynthesis is mea- 
sured in sunlight and in the other case in artificial light, and as shown by Dastur 
and Samant the lights from the two sources have not the same effects on photosyn- 
thesis. . But the general trend of photosynthetic activity during the season as 
determined by these two methods can be compared as, though the actual values 
obtained may differ in the two cases, the rise and fall in the values should occur 
concurrently in both measurements. When the graphs illustrating the photo- 
synthetic activity determined by the carbohydrate analysis method (Figs. 1 and 3) 
are compared with the graph (Fig. 5) illustrating the photosynthetic activity deter- 
mined by the carbon dioxide absorption method, it will be noticed that they both 
show the same characteristic features, that is, the rise and fall in the curves coincide 
and the general nature of the curves is the same in two eases. 

This investigation has conclusively shown that the photosynthetic curve has 
two maxima, one in August and the other in October, the second being much higher 
than the first. 

Summary. 

As no data is collected, so far as the authors are aware, about the photosyn- 
thetic activity of the leaves of the rice plant by direct measurements, it is un- 
dertaken to measure the rate of photosynthesis of the leaves of the rice plant at 
different stages of growth. 

The photosynthetic activity of the leaves in this investigation is measured in 
two ways (1) by determining the carbohydrate contents of the leaves in the morn- 
ing and in the evening, and (2) by measuring the absorption of carbon dioxide 
from the air under controlled and uniform conditions of experiments. 

In the first method the leaves are killed and extracted with alcohol taking ne- 
cessary precautions. The sugars are then separated from other substances. The 
starch is hydrolysed by taka-diastase and is converted into dextrose and maltose. 

All sugars are estimated as hexoses. Cane sugar and maltose are hydrolysed 
to hexoses before estimations. A colorimetric method of estimating sugars first 
used by Folin and Wu [1918] and subsequently modified by other workers is used 
in this investigation with further modifications. 

A sample of leaves is taken in the morning and is analysed for carbohydrates. 
Another sample is taken the same evening and is similarly analysed. Twenty such 





double carbohydrate analyses of the leaves are made on different days from July 
to October. On two occasions the leaves are analysed for carbohydrates every six 
hours during 24 hours. 

In the second method carbon dioxide absorption of the leaves of the rice plant 
is measured by the continuous gas current method. A special leaf chamber to hold 
four leaves of the rice plant is devised. Ordinary air is used and is circulated 
through the leaf chamber at the rate of about 100 litres per hour. The carbon 
dioxide of the air before and after it passed through the leaf chamber iB estimated 
in two sets of absorption apparatus consisting of Eeiset towers containing NaOIf 
solution of known strength. 

From the results obtained by the two methods the following periodicity in the 
photosynthetic activity of the leaves of the rice plant is noticed. The photosyn- 
thetic activity rises rapidly soon after transplantation. It remains fairly uniform 
in August after which there is a depression in September. There is a sudden rise 
in the photosynthetie activity in October and it reaches its second maximum 
during that period. There is a big fall in the rate of photosynthesis soon after. 

The same features of the photosynthetic activity are noticed in the results 
obtained by the two methods. 
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I. — Introduction. 

It is a well known fact that of all the plant food ingredients in the soil, 
nitrogen is by far the most important, especially in the arid and semi-arid tracts 
of the Bombay Deccan. In these tracts crops are grown year after year, on rains, 
without any serious attempt to return to the land the plant food ingredients 
removed by crops. A question therefore naturally arises as to whether the soils are 
able to recuperate the nitrogen by directly fixing it from the air, to make up for the 
loss they sustain due to growing of crops, and it so, how far this fixation is affected 
by the nature of the soil and by the weather conditions to which the soils are 
exposed. Investigation in this direction was taken up as far back as 1923 and the 
first results were published in 1925 as a Memoir with the title “ Nitrogen Recupera- 
tion in the Soils of the Bombay Deccan, Part I ” [Sahasrabuddhe and Daji, 1925]. 
The experiments were conducted in the laboratory on the medium black soil of the 
Deccan, taken at the end of the hot weather, kept dry and then exposed to varying 
conditions. T he results showed that a good deal of nitrogen fixation takes place in 
the trap soils when they are moistened and kept at suitable temperatures. 
Further work on the subject was published in this Journal [Sahasrabuddhe 
and Ghatikar, 1931]. For the investigation published in this paper, 
typical soils of the Bombay Presidency were obtained and the effects of the 
additions of lime, phosphatic substances, organic matter and alkali salts to these 
soils were studied. The results definitely prove that, at least under the controlled 
conditions of the laboratory, the additions of phosphatic substances and organic 
matter improve the nitrogen recuperation of such soils as are not originally rich 
in these ingredients. 

But it remained to be seen whether any recuperation of nitrogen tabes place 
actually under field conditions where there is repeated wetting and drying of soils 
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by rain and beat. It was therefore necessary to determine whether the fixation of 
nitrogen takes place under field conditions, just as it does in the laboratory. Such 
studies could only be undertaken if plots in fields could be regularly kept under 
observation and where data with regard to the previous history and the present condi- 
tions of cultivation and crops could be obtained. Such a suitable place, was found 
at the Dry Farm Experiment Station at Manjri, about 8 miles to the east of Poona. 
Here all the necessary information together with the record about the meteorological 
factors was available. 

The Dry Farm Experiment Station was opened early in 1924 on what may be 
called a virgin land previously occupied by scrub jungle and babul ( Acacia arabica) 
shrubs. The area was divided into suitable plots of l/40th of an acre or one 
f/unlha. Dry farming experiments are being conducted on these pilots since then. 
Majority of the experiments are of cultural nature and do not involve any addition 
of manures. From 1924 to 1930 seven crops of jowar [Andropogon Sorghum) were 
raised during the mbi season from September to February, The yields obtained 
were much larger than the average yields of farmers and it was feared that these 
annual harvests of heavier yields might result in depleting the soil of its fertility. 
Under the dry arid conditions of the Deccan nitrogen is liable to far greater losses 
than any other plant food ingredients, and from 1927 onwards nitrogen determina- 
tions were made every year sometime after the harvest of the crop. The following 
figures denoting. nitrogen contents, of the soil from year to year would be found 
interesting. The samples were taken from an area measuring 12 gimtfoas or 3/1 0th 
of an acre. Column 2 in the following table gives nitrogen from this plot which 
received no manure during the period of experiments, while column 3 gives 
nitrogen from a plot which received farmyard manure. Rabi jowar was grown 
annually from September to February on both the plots. 


Table I. 


Percentages of total nitrogen in oven-dry soil . 


Date of taking sample 

Nitrogen from 
soil receiving 
no manure 

Nitrogen from 
soil receiving 
farmyard manure 

30th September 1924 ........ 

Per cent. 

0*120 ! 

Per cent . 
0-120 

3rd February 1927 . . . .. . 

0*099 

0-097 

2nd February 1928 

0*085 

0-079 

22nd February 1929 

0*081 

0-090 

14th April 1930 

0*079 

0-075 


The figures in column 2 by themselves indicate an alarming situation in the 


rapid depletion of soil fertility. But the above decrease in nitrogen contents of the 
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soil was not found to have resulted in lowering of yields from these plots. Further, 
there is a similar depletion of nitrogen from a plot which received farmyard manure. 
The quantity of farmyard manure was as large as 10,000 lbs. per acre of total 
manure given in 1924, 1925., 1926, 1927 and 1929. 

In both the series of plots the annual yields do not account for the heavy losses 
of nitrogen during the period of experiments as indicated by figures given on 
another page (page 459). 

This general downward trend of nitrogen contents in all the plots irrespective of 
their treatments was contrary to expectations. The experiments in the laboratory 
showed that a definite recuperation of nitrogen takes place in the medium black 
soils of the Bombay Deccan when wetted and kept at suitable temperatures. Under 
the natural climatic conditions obtained at Manjri there is wetting and heating of 
soils. But the above results indicated apparently a decided depletion of soil 
nitrogen from year to year during a period of six years. 

During the crop season of 1928-29 nitrogen determinations were made twice 
from the same plots once before the advent of the monsoon rains and again after 
heavy rains of September. And it was observed that the plots which had shown the 
lowest nitrogen content before the rains showed a comparatively high nitrogen 
content after the rains. Further determinations after the crop harvest again showed 
a lowering of soil nitrogen. These duplicate plots had received treatment of having 
furrows and ridges made. 

Table II. 

Percentage of nitrogen at different seasons in plots having ridges and furrows . 


Date of sampling 


Percentage of nitrogen 


February 1928 
September 1928 
February 1929 


This rise in nitrogen in plots to which no manure was ever added as opposed to 
the general trend of lowering of nitrogen contents gave a distinct indication of the 
nitrogen recuperation under field conditions and showed that the time of taking a soil 
sample has some influence on nitrogen contents of the soil. This means the effect of 

the climatic conditions of heat and rain and the subsequent moisture contents of the 
soil must be taken into account. 

It was therefore decided to carry on . a series of determinations of the total 
nitrogen contents of soils receiving different treatments of cultivation and manuring 
throughout one complete year taking the soil samples once every month.* 

* TRe authors’ thanks are due to Mr. D. M. Ranade of the Chemical Laboratory and to Mr. G. M. 
Bapat of the Soil Physicist Section, for the help they rendered in the experimental work. 
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It would 1» eeeu from the molt, that Mow that the nitrogen content of cob 
, fin antitv It is liable to fluctuations from season to season. The 
recuperatiTn of nitrogen seems'to take place>der the natural conditions of atmos- 
XX influences as definitely as under the controlled conditions in the laboratory. 
It would be seen in the foflowing account that the most active period of nitrogen 
recuperation corresponds with the most active period of crop growth especia ly when 
the growing crop is the winter or rabi crop. The impression ot rapid depletion of 
oil nitrogen from the figures of soil nitrogen obtained from year to year without 
any attention to time of samplmg or the moisture condition of the soils must be 
modified in the light of studies described here. 

II. Recuperation oe nitrogen in unmanured soils. 

The niece of loud which woe selected for the study of the nitrogen content, of 
the -oil fora period of twelve months consisted of o rectangular block measuring 
3/M>a. of an acre divided into 13 small equal plots. The length of the rectangular 
h eck was 1 32 feet and the width 99 feet. Except in the cultivator s plots described 
later precautions were taken to stop any run-off of rain water hy placing small bunds 
9 in. high ah round. Hence there was no possibility of loss of sod matenal or 

soil nitrogen by surface erosion. 

Before tbe land was put under any crop, the usual chemical and physical 
a-naivses were done and the soil depths of plots were determined by auger tests or 
where necessary by digging pits. Levels were taken to find out the slope m any 

dlICl Th^general morphological study as well as the analytical data indicate that the 
soil is the medium black soil. It has mururn as a sub-soil layer in most cases, while 
on slopes the sub-soil layer is a mixture of lime infiltrations. 

Table III. 

ChemM analysis of soil from surface layer of 6 in. depth, sample being taken on the 

30th September 1924 . 


Total moisture 
Stones . 

Loss on ignition 
Insoluble matter (silica) 
Alumina and iron oxide 
Lome as OaO 
Phosphoric acid (P 2 0 6 ) 
Potash as (& 2 0 ) 
Hitrogen 

Organic matter » 


Percentages 

22*30 

2*20 

On fine ovenn- 
dry matter 
7*75 
60*71 
14*12 
9*64 
0*073 
0*39 
0*120 
2*26 


/■ M 
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The chemical analysis indicates that the soil on account of its virgin nature is 
very rich in nitrogen and organic matter. Potash is present in sufficient amount 
while the lime contents are above the average. The quantity of phosphoric acid, 
though not high, may be looked upon as fair. 

The mechanical condition indicates that the soil belongs to the clay loam type. 

This piece of land is under cultivation ever since the land was opened by the 
plough for the first time early in 1924. From 1924 to 1930 no manure of any kind 
was ever added and the only crop grown was the rabi jowar (Andropogon Sorghum) 
year after year with the usual tillage. 

From the results of volume weight it is computed that the acre-foot layer of 
soil would be equal to nearly four million pounds in weight. The quantity of total 
nitrogen in the three quarters of a foot of soil from one acre on 30th September 
1924 amounted to 3.600 lbs., while on the 14th April 1930 it was 2 ; 370 lbs. thus 
showing a loss of 1,230 lbs. 

The annual harvesting of jowar crop cannot account for this enormous loss in 
soil nitrogen. The record of the dry matter of the harvested crops shows the quanti- 
ties of nitrogen used up by the crop in different years as follows : — 


Table IV. 

Yields of jowar crop in lbs « including grain and stalks and pounds of nitrogen 
removed %% different years. 


Year 

Yield per acre 

Nitrogen removed per 
acre by th,e crop 






lbs. 

lbs. 

1924 



- 


4,217 

42 

1925 



• 


2,148 

21 

1926 



• 


2,467 

24 

1927 



• 


4,619 

46 

1928 


* ® • 

- 


3,423 

34 

1929 




« 

2,541 

25 

1930 


• • • 

• 

■ 

2,534 

25 







217 


»/; I f 


■ I 
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Tie chemical analysis of the matured plant of jowar gives the nitrogen content 
as 1 per cent. Hence the quantities of nitrogen removed by the crop from year 
to year would be represented as above in round numbers. Thus the total quantity 
of nitrogen removed by the crop grown on the land during the period of seven years 
amounts only to 217 pounds. 

It is obvious therefore that the enormous apparent decrease of 1,230 lbs. of 
nitrogen of the soil from 1924 to 1930 cannot be accounted for by the removal of 
nitrogen by the crops raised. The question therefore arises whether the depletion 
of soil nitrogen in seven years is real or only apparent. In order to get a definite 
and satisfactory answer a careful study of the nitrogen contents of the soil for a 
period of one complete year was taken up by examining the nitrogen contents once 
every month. A careful record of all operations done during the period as also the 
moisture contents and temperatures of the soil was kept for correlating them to the 
nitrogen contents. 

Method of soil sampling . — It lias been already shown that the rectangular area 
of 3/lOth acre from which determinations of nitrogen were regularly made is divided 
into 12 equal plots for experimental purposes. The sampling was done by means of 
a screw a,uger ? taking the samples to a depth of 9 in. from the surface. One sample 
was taken from every plot in this way and all the twelve samples were then mixed 
together to obtain a composite sample. This sample was immediately brought to 
the laboratory and rapidly dried on a w T ater bath at a temperature of 60°C. 
Simultaneously moisture determination was made in the water oven at 98°C. 
The quickly dried sample at 60°C. on water bath w r as then brought to Poona 
to the laboratory of the Agricultural Chemist for the determination of the 
total nitrogen as well as nitrogen in other forms. It may be pointed out 
that in the first special trials that were made the average of twelve separate 
nitrogen determinations gave exactly the same figure as was obtained for the 
composite sample. 

The usual KjeldahFs method was used for determination of the organic and 
ammoniaeal nitrogen together, while the nitrate and the nitrite nitrogens were 
determined by the phenoldisulphonic acid method and the Gross Ilosway method 
respectively, as described in Appendix of Part I. The determinations of nitrogen 
contents were commenced in July 1930 and continued till June 1931, for twelve 
months so as to complete a cycle of all the seasons of the year. Prior to com- 
mencing the above determinations the following preparatory tillage was done 
to the land. 

The land was ploughed on 17th March 1930 and then harrowed three times 
before the sample of soil was taken on the 18th July for the first determination of 
nitrogen of the series. The first harrowing was given on the 0th of May, the second 
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on the 25th May and the third on the 28th of June 1936. The tabular statement 
given below would indicate the various operations done to the land. 

Table V. 


Bate 

Nature of operation 

28 th July 1930 . 

Harrowing with tooth-cultivator 

17 th September 1930 «... 

Sowing of jowar crop and covering 

1st October 1930 

Stirring the upper surface by hand-hoe 

16th October 1930 ..... 

99 99 99 99 

11th November 1930 .... 

99 99 99 99 

2nd December 1930 . . * . 

99 99 99 99 

29th December 1930 .... 

99 99 99 99 

14th February 1931 . . . . . \ 

Harvesting of jowar crop by up-rooting 

25th March 1931 ..... 

Ploughing of the land with a CT 2 plough 

23rd April 1931 

Harrowing with a blade harrow 

24th May 1931 ...... 

99 99 99 99 


moisture content and exposes the loosened particles to the atmospheric agencies 
which affect the nitrogen contents. Again the climatic factors like the rainfall and 
temperature are also responsible in bringing about changes in the nitrogen contents 
and hence these have been given below in detail before the actual nitrogen contents 
of the soil are discussed. 

The rainfall at the Dry Farm Experiment Station from June 1936 to June 1931 
is given below for every fortnight. 

Table VI. 

Fortnightly and monthly rainfall in inches during the ‘period of experiment . 


June July Aug. Sep. Get. Nov. Dec. Jan. Feb, Mar. April May June 

1930 1930 1930 1930 1930 1930 1930 1931 1931 1931 1931 1931 1931 


1st fort- 
night 
2nd fort- 
night 

Total 
during the 
month . 


0*40 1*92 0*75 4*66 3*16 3*46 0*05 

1*45 0*92 1*20 0*62 1*22 


1*85 I 2*84 | 1*95 5*28 4*38 i 3*46 I 0*05 
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The following table gives the average maximum air temperature of each month 
along with the Boil temperatures. 

Table VII. 

Average maximum temperature of the air during each month and ike average soil 
temperature* at two different depths all expressed in centigrade degrees . 


— 

June 

1930 

July 

1930 

Aug. 

1930 

Sep. 

1930 

Oct. 

1930 

Nov. 

1930 

Dec. 

1930 

Jan. 

1931 

Feb. 

1931 

Mar. 

1931 

April 

1931 

May 

1931 

June 

1931 

Average 
maximum 
air tem- 
perature . 

34*5 

26*5 

/■' ; 

25*6 

27*0 

30*1 

25*9 

28*5 

26*6 

31*7 

32*2 

38*4 

36*5 

33*0 

At a depth 
3 in . from 
surface . 

31*5 

27*5 

28*7 

27*5 

29*7 

27*9 

30*4 

2*1 

33*6 

36*6 

41*3 

41*5 


At a depth 

6 in. from 
surface 

' 

31*1 

27*2 

28*6 

27*4 

29*4 

27*7 

28*6 

28*7 

30*2 

32*2 

37*3 

39*1 

35*3 



It has already been stated that the nitrogen content of the soil on the 14th 
April 1930 was found to be only 0’079 per cent, or 79 milligrams in 100 grams of 
oven-dry soil. The regular monthly determinations were commenced in July 1930 
as already stated above. The first sample was taken on the 18th July 1930. The 
subsequent samples w r ere taken on the same date as far as possible in the following 
months, change being made when climatic conditions made it neeessaiy to postpone 
the same. The following table shews the total nitrogen contents of the soil along 
with the date of taking the sample. This figure has been arrived at by adding the 
nitrogen obtained in the form of nitrates and nitrites to the nitrogen obtained by the 
Kjeld ahl process which gives the organic and ammoniacal nitrogen. Taking the 
nitrogen in July 1930 as 100, the percentage variation from this is expressed in the 
last column. 

Table VIII. 

Milligrams of total nitrogen in soil from month to month on 100 grams of oven- 

dry soil. 

Date of samnline I I Variati °» 

over the original 


Date of sampling 

Total nitrogen m 
milligrams per 100 
grams of soil 

18th July 1930 * . 



73*61 

18th August 1930 


• 

98*12 

25th September 1930 . 


* 

80*95 

18th October 1930 

* 

, 

99*38 



* The soil temperatures given were recorded daily at 5-30 p.m. and the monthly averages were 
calculated from them. It may be pointed out that the average soil temperature at 3 In. depth at this 
time is slightly higher than the maximum air temperature of the day while the temperature at a lower 
depth at 6 in. is slightly below the maximum temperature of air. 
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Table Vlll-contd. 

Milligrams of total nitrogen in soil from month to month on 100 grams of oven- 

dry soil— contd. 


Date of samplin 


18th November 1030 • 
18th December 1930 . 
18th January 1931 
20th February 1931 . 
23rd March 1*931 
21fct April 1931 
20th May 1931 . 

21st June 1931 . 


c/ 


Total nitrogen in 
milligrams per 100 
grams of soil 

Variation in per cent, 
over the original 

102*13 

138*7 

121-02 

165*1 

118*31 

160*6 

118*30 

160*6 

108*70 

147*6 

107*87 

146*4 

100*63 

136*7 

105*81 

143*6 


m 


— . — — — rotai nitrogen in milligrams. 

Soil moisture per cent. 

— . — .■ — Average soil temperature C. 








It Is interesting to trace the changes in nitrogen content of this series in 
comparison with the actual soil temperatures observed together with the moisture 
contents of the soil from month to month as given, in the table below and illustrated 
by Fig. 1. 

Table IX. 


Total nitmgen in 9 in. surface soil , together with the corresponding soil moisture and 
average monthly soil temperature . 


Month 

Total nitrogen, milli- 
grams in 100 grams 
of oven-dry soil 

Per cent, 
moisture 

Average monthly soil 
temperatures — average 
of temperature at 3 in. 
and 6 in. depth 
from surface 

July 1930 

73*6 

25*6 

27*3 

August 1930 

98*1 

24*1 

28*6 

September 1930 .... 

80*9 

28*1 

27*4 

October „ 

99*4 

25*9 

29*5 

November „ . . 

102*1 

22*3 

27*8 

December „ . 

121*6 

20*2 

29*5 

January 1931 .... 

118*3 

.17*7 

30*4 

February „ .... 

118*3 

14*4 

31*9 

March „ . 

108*7 

11*3 

34*4 

April „ .... 

107*9 

8*0 

39*3 

May „ .... 

100*6 

13*6 

40*3 

June „ .... 

105*8 

16*3 



When the determinations were commenced after the middle of July, the mon- 
soon had just set in and had moistened the upper six in. layer of the surface 
soil. The soil temperatures which were high going up to 40°C., had come down 
giving an average soil temperature of 27*5°C. The nitrogen content of the soil w r as 
then at its minimum being 73 milligrams per hundred grams of the soil. The 
effect of wetting by the monsoon rains together with a slight rise in soil tempera- 
ture was to increase the nitrogen to 98 milligrams or a rise of 33 per cent, in a 
month's period after the original determination. The heavier rain in the month 
of September amounting to 5 ’75 inches, combined with a fall in temperature by over 
a degree, resulted in lowering the nitrogen content to 80 milligrams or a fall of 17 
per cent, over the previous determination. The next determination again showed an 
increase in nitrogen to the extent of 34 per cent, over the original There was a 
little more than 3 in. of rain during this period but the average temperature had 
increased by over 2°0. In the following month there was a slight rise in nitrogen 
but the peak of the curve reached its highest in December. There was practically 
no rain between the determinations of November and December and the average 
soil temperature w 7 as higher than even before since the commencement of the ex- 
periment. The maximum rise in nitrogen contents was as much as 65 per cent, over 
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the original, .During tie next two montlis the nitrogen remained fairly high under 
the high temperatures of January and February. Then a steady fall in nitrogen 
continued throughout the following four months from March to June with steady 
lowering of the moisture contents of tie soil, though there was a steady rise in 
temperature. At the end of twelve months’ period of experiment the soil was left 
richer in its nitrogen contents than at its commencement being nearly 43 per cent, 
higher. The various operations that were carried during the period of the experi- 
ment have been already given above. The land was occupied by a crop of mbi 
jowar from tie 17th of September 1930 to the 14th of February 1931. In spite of 
the presence of the crop on the land, it was freely exposed to the sun, rain and wind, 
as the plant population on the experimental plots was very limited. The crop was 
sown by dibbling 2 seeds 18 in. each way. The roots and leaves of plants if obtain- 
ed in the soil sample were carefully picked up and removed so as to avoid any 
addition of nitrogen due to their inclusion. 

Under natural field conditions definite recuperation of nitrogen seems to start 
on the advent of the monsoon rains. Again this recuperation is much more pro- 
nounced and continues for a much longer period than is found under laboratory 
conditions. The maximum fixation of nitrogen was obtained when the average 
maximum soil temperature was about 29*5°C, and when the moisture content was 
about 20 per cent. The combined effect of moisture content and temperature in 
December resulted in fixing far larger quantities of nitrogen than are obtained 
under laboratory conditions. Greaves [1918] mentions 20 per cent, moisture as the 
optimum for ‘ nitrogen fixation found by Warmbold and also quotes 28°C. as the 
optimum temperature. The optimum temperature for nitrogen fixation lies between ; 

25°G. to SOT. according to Eussell [1927]. It should be remembered that the soil 
is quite rich in lime and the supply of organic matter is quite sufficient. Proper 
aeration was maintained throughout the period of determinations by various field 
operations mentioned above. 

Nitrate and nitrile nitrogen — It is interesting to see the nitrate and nitrite 
nitrogen changes in the soil under field conditions. Nitrogen in these forms was 
probably at its lowest on the starting date. But in a month’s period it reached Its | 

maximum peak in August. The moisture content of the soil during this month was | 

about 24 per cent, and the temperature was rising. The moist soil was stirred on the { 

28th July after the first determination. Under those conditions nitrification took \\ 

place very vigorously and gave the maximum figure for nitrate nitrogen. The rainfall f j 

during the month of September was more than 5 inches. It not only saturated the \) 

surface 9 in. layer of the soil but wetted the lower layers as well. The accumulated f j 

soluble nitrates seemed to have been carried down into the lower layer of the soil fj 


t 
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by these heavy rains. As most of the plots were bunded, there was no possibility of 
the loss taking place by surface run-off, but the draining away of the nitrates into 
the lower layers can account for the sudden fall of nitrate nitrogen in the surface 
layer in the month of September as the determination was made after most of the 
rains in that month were received. The moist soil had undergone stirring twice 
during October on the 1st and 16th of that month and once again in November on 
the 11th, and as a result the nitrate nitrogen again increased during October and 
November when a second peak was obtained. It decreased considerably in the 
following month and remained practically low throughout the cold weather months 
of January, February and March. Ploughing of the land in March and the subse- 
quent slight wetting of the surface soil raised the nitrate nitrogen in the following 
three months of April, May and June. Clarke and his associates [1922] also found 
two peaks for nitrate accumulation under the climatic conditions of the United 
Provinces. 

Table X. 


The Mai nitrate and nitrite nitrogen as well as the nitrate and the nitrite nitrogen 
separately, expressed in milligrams per 100 grams of oven-dry soil. 


Bat© of sampling 

Nitrogen as 
nitrates and 
nitrites 

Nitrate 

nitrogen 

Nitrite 

nitrogen 

July 1930 • 








0*115 

0*110 

0*005 

August 1930 

. 







1*324 

1*320 

0*004 

September 1930 








0*349 

0-340 

0*009 

October 1930 

• 







0*580 

0*560 

0*026 

November 1930 

* 




. * 



0*980 

0*900 

0*020 

December 1930 

m 




* 



0*398 

0*350 

0*t48 

January 1931 





& 



0*281 

0*210 

0*071 

February 1931 





0 



0*268 

0-180 

0*088 

March 1931 




' # 

• 



0*242 

0*180 

0*062 

April 1931 . 




♦ 




0*397 

0*290 

0*107 

May i931 . 





6 



0*410 

0*3*29 

0*081 

June 1931 . 








0*542 

0*390 

0*152 


It would be seen from the foiegoing table that the nitrate nitrogen is the 
highest in August and the lowest at the start in J uly. while the nitrite nitrogen 
is the lowest in August and highest in the month of June 1931. As com- 
pared to the quantities of total nitrogen in the e oil, the quantities of nitrate and 
nitrite nitrogens are very small indeed. In every case these forms of nitrogen 
are less than two milligrams per 100 grams of oven-dry soil. But it may be 
pointed out that when it is computed on acre area, even restricting to the upper 
9 in. layer, every milligram is equivalent to oO pounds of most available form of 
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nitrogen for the use of the growing crop. Au annual crop of jowar removes nearly 
just this amount. The study of the nitrate curve (Fig. 2) indicates that it has 
two peaks. The first peak is obtained in August and the standing Mrnif crop if 
any is likely to be benefited by the readily available nitrogen at that time. 
The second peak which is gradually reached in November, though somewhat lower, 
is just in time for the proper nourishment of the rabi crop. It must be made 
clear that the quantities found in the soil are the balance between the nitrifica- 
tion on one hand and the utilization by the crop on the other. 



Pig. 2. 

III.- Nitrogen changes on a cultivatoe’s plot, series 2 . 

The first series of determinations described in Section II was done on a piece 
of land which was under a crop receiving special care, attention and treatment. 


J 




•' * 1 ; 
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But an ordinary cultivator is not likely to follow the procedure and treatment of 
land as given there and hence a second series of determinations was made from 
a piece of land that had a crop grown according to the methods followed by an 
average Deccan cultivator. The main difference lies in the fact that the culti- 
vator’s plot was stirred on less number of occasions and had a higher density of 
plant population than the specially treated plot and also had some weeds. The 
area was only one tenth of an acre divided into 4 equal plots and the soil samples 
were taken at three places in each plot thus obtaining 12 samples from the four 
plots which were mix ed together to obtain a composite sample for determining 
the nitrogen. The land was ploughed in March and only two harrowings were 


Bat© of sampling 


July 1930 . 
August 1930 
September 1930 
October 1930 
November 1930 
December 1930 


January 1931 
February 1931 
March 1931 
April 1931 . 
May 1931 . 
June 1931 . 


The above statement indicates that even under a cultivator’s field conditions 
there is definite recuperation of soil nitrogen. The maximum rise in nitrogen 


Total nitrogen 

Per centag© 
variation in 
total nitrogen 

Moisture 
per cent. 

S2*195 

100 

... 

82*873 

100*77 


88*001 

107*00 

27*70 

107*480 

130-69 

26*13 

97*398 

138*43 

21*68 

133*349 

162*15 

18*96 

98*237 

119*45 

16*91 

94*283 

314*64 

13*14 

78*569 

95*53 

... 

97*771 

118*52 

... 

86*430 

105*09 

... 

63*305 

76*97 

... 
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contents Is nearly the same as on the controlled experimental plots. It Is reached 
in December as in the case of the first series. The chief difference noticed is the 
sudden fall in nitrogen in one month's period after reaching the maximum, and 
the amount of nitrogen after this fall is comparatively lower than in the former 
series. At the end of the year's period the nitrogen left in the soil was about 
23 per cent, lower than that with which the series was started. 

It may be pointed out that the sudden fall in nitrogen contents and the 
subsequent lower nitrogen contents may be ascribed to the absence of stirring 
and consequent insufficient aeration and perhaps also to a drier soil condition. 
This land on account of insufficient cultivation had not the same fine texture. 
The experience in the dry-farming experiments is that in cultivator's plot plough- 
ing always gives out large clods which do not easily break up as in the plots 
specially treated. This cloddy nature resulting in insufficient aeration and 
weathering may probably account for the lower nitrogen contents. 

With regard to nitrogen in the forms of nitrates and nitrites there is no 
decisive difference In behaviour when compared with that of the first series. 
The nitrogen in these forms was much higher at the start. The maximum how- 
ever was reached in August whereas the minimum was reached in December. The 
nitrites were low r est in August and highest in June as in the former series. The 
following table gives the quantities of the different forms from month to month. 

Table XII 

Quantities of the combined nitrate and nitrite nitrogen along with the nitrate and the 
nitrite nitrogens separately , all expressed in milligrams per 100 grams of oven- 
dry soil . 


— 

Total nitrite 
and nitrate 
nitrogen 

July 1930 , 






0*685 

August 1930 






1-585 

September 1930 . 






0*481 

October 1930 






0*611 

November 1930 . 






0*308 

December 1930 . 






0*239 

January 1931 





* . . 

0*247 

February 1931 , 






0-323 

March. 1931 





• 

0*269 

April 1931 . 






0*381 

May 1931 . 






0*360 

June 1931 . 






0*661 


Nitrate 

nitrogen 

Nitrite 

nitrogen 

0*68 | 

0-005 

1*57 . 

0-003 

0*47 i 

0-011 

0*53 

0-081 

0 29 

0-018 

0*18 

0-059 

0*18 

0-067 

0*29 

0-033 

0*21 

0-059 

0*29 

0-091 

0*29 

0070 

0*45 

0-215 
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IV.— Effect of previous fallow on nitrogen recuperation. 

One more series of the plots in triplicate was under the same treatment of 
cultivation and crop as that of the first series except for the fact that it was 
fallow in the previous year, i.e., during 1929. It used to receive one harrowing 
every month throughout the period of fallow. It was sown in September 1930 
and received the same after cultivation as given to the first series. The nitrogen 
contents of this series, however, is similar to that of the cultivator’s plot as can be 
seen from the following figures. 

Table XIII. 


Total nitrogen in milligrams per 100 grams of oven-dry soil, percentage change in 
total nitrogen and the percentage of total moisture in the surface 9 in. layer of soil. 


* — 

Total nitrogen 

Percentage 
change in 
total nitrogen 

Moisture 
per cent. 

July 1930 . 





0 


75*855 

100*00 

25*12 

August 1930 


& 





84*762 

111*71 

26*54 

September 1930 , 


9 


0 

© 


84*403 

111*24 

27*72 

October 1930 


9 


0 



106*870 

140*85 

28*42 

November 1930 . 




9 



101*961 

134*38 

23*23 

December 1930 . 







128*768 

169*71 

21*07 

January 1931 


*. 





90*239 

118*93 

17*69 

February 1931 . 


© 





100*946 

133*04 

16*36 

March 1931 


0 





91*183 

120*17 

••• 

April 1931 „ 


& 





109*262 

144*00 


May 1931 . 


0 





92*690 

122*16 

e«« 

Jon© 1931 . • 



• 

* 

* 

• 

67*288 

88*68 



The maximum point of recuperation is reached in December as in the other two 
series previously described. The nitrogen at the end of the series is lower than that 
at the start, and is the lowest of the whole series. The great similarity in changes 
in nitrogen content of the second and the third series consisting of the cultivator’s 
plots and the plots left fallow for one year before cropping can be very well seen 
from Fig. 3. Both the curves run very much parallel to one another. With 
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regard to nitrogen in the form of nitrates and nitrites it would be seen from, the 
following figures that, on account of the previous fallow, there is the nitrate 
accumulation at the start. This is maintained in the following month and then it 
goes down during wet months of September and October but rises to the highest in 
November probably due to the stirring of the soil in October and November. Then 
follows a period of moderate intensity with fluctuations in nitrate contents. With 
regard to nitrogen in the form of nitrite there is practically no difference in this 
series and the other two series. The minimum is found in August and the maxi- 
mum at the end of the series in June, 



-Total nitrogen milligrams in cultivator's plots. 

-Total nitrogen milligrams in plots series III fallow during 1929. 


^yLY. AtIG. SiPT 7 OQTO- MOV. R€C. >|ANU- MAH. APRIL, MAY. 4Un$ 


* 
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Table XIV, 


Total filtrate and nitrite nitrogen, along with nitrate nitrogen and nitrite nitrogen 
separately, expressed in milligrams per J 00 grams of ov en-dry soil 


Nitrogen as 
nitrite 


Jg^Sw . : • wS MS o-oo2 

September 1930 . . 0*483 0*47 0*013 

cSSSr • - . 0-620 0-M 0;080 

sssffl? : : «S ° •» «i« 

: • 0-770 0;73 0-040 

SToaf 1 - : : 0-353 0-29 . ST 

Sim : : : £$ . !S HI 

June 1931 . • • 0-578 °' 45 °' 128 

Figure 4 shows the changes of the combined nitrogen as nitrates and nitrites 
from month to month in the cultivator’s plot and in the plot left fallow in the year 
previous to that of the experiments. It may be pointed out that the curve showing 
the readily available nitrogen in the cultivator’s plots is very much lower in com- 
parison with that of the fallow throughout the active growing period of the jowar 
crop. The high peak in August is of no use on account of the absence of a crop at 
that time. The maximum peak of the fallow series is reached just at a time when 
the vigorously growing crop needs it. Again in the fallow series the available 
nitrogen remains high throughout the growing period of the crop which thus 


Total nitrate and 

Nitrogen as 

nitrite nitrogen 

nitrate 

1-065 

1*06 

1*162 

1*16 

0*483 

0*47 

0*620 

0*54 

1*741 

1*73 

0*358 

0*29 

0*779 

0*73 

0*726 

0*67 

0*353 

0*29 

0*662 

0*58 

0*470 

0*39 

0*578 

0*45 


— * * 
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(6) The nitrate nitrogen seems to reach its maximum in August except in the 
case of the fallow series where it is reached somewhat later. 
y. Effect of the addition of organic matter to the soil on its nitrogen 
RECUPERATION, SERIES 4, 5 AND 0. 

Three more sets of plots (Series 4, 5 and 6) were under observation for determin- 
ing the changes in total nitrogen contents as well as the nitrogen in the form of 
nitrates and nitrites. 

The first of these sets consisted of 3 plots which had received farmyard manure 
at varying rates in alternate years. 

The second set had additions of green manure in the form of sann (Crotalaria 
juncea) during the year of experimentation. 

The remaining set had the addition of sann every alternate year from 1924 to 
1928, This series is intended to find the residual effect of organic matter previously 
added. 

Table XV. 


The year, the quantity of material added and the equivalent amount of nitrogen added 

per acre. 


Series 4, F. Y. M. added 
in alternate years 

Series 5, sann added 
only once 

Series 6, sann added in 
alternate years 

Year 

of 

addi- 

tion 

Quantity of 
F. Y. M. 
added per 
acre 
lbs. 

Addition 
of equi- 
valent N 
per acre 
lbs. 

Year 

Quantity 
of green 
sann 
added 
lbs. 

Addition of 
equiva- 
lent N 
per acre 
lbs. 

Year 

of 

addi- 

tion 

Quantity 
added 
per 
acre 
lbs. ' 

Addition 
of equiva- 
lent N 
per acre 
lbs. 

1926 

8,600 

46*4 

. , . 


. * 

1924 

10,000 

67*2 

1928 

8,000 

64*8 

• • 

•• 

• * 

1926 

7,600 

32-0 

1930 

8,000 

48*0 

1930 

2,0S0 

11*9 

1928 

5,400 

22-7 



169-2 






121*9 


In contrast to the first three series of experiments attempt was made to reple- 
nish the soil nitrogen removed annually by the crop, by the addition of well-rotted 
farmyard manure or by addition of green plant matter to the soil as green manure 
in the form of sann . 

The green manure crop was grown in situ from June to August and then buried 
by the middle of August, in 1926, 1928 and 1930 ; while in 1924 the crop was grown 
outside, pulled and added to the plots. The following table gives the quantity of 
total dry matter of jowar crop produced on these manured plots and the quantity of 
nitrogen removed annually by these crops. For comparison results of dry matter 
produced from the unmanured plots described in the first series are also given, 
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Pound s of dry matter of rabi jo war produced from year to year and the pounds 
of nitrogen removed per acre in three series of plots receiving different treatments . 




Unmamired plots. 
Series I 


Plots to which farmyard 
manure was added in 
alternate years. 

Series 4 

Plots to which green 
manure was added in 
alternate years. 

Series 6 

f 

Years 


Total dry- 
matter 

Nitrogen 

removed 

Total dry 
matter 

Nitrogen 

removed 

Total dry 
matter 

Nitrogen 

removed 


per acre 
lbs. 

per acre 
lbs. 

per acre 
lbs. 

per acre 
lbs. 

per acre 
lbs. 

per acre 
lbs. 


1924 


4,217 

42 

3,673 

36 

4,741 

47 

p\ 

1925 

» 

2,148 

21 

1,766 

17 

2,577 

25 


1926 


2,467 

24 

2,744 

27 

2,313 

23 


1927 


4,619 

46 

3,026 

30 

3,964 

39 

i 

1928 


3,423 

34 

3,036 

30 

4,806 

48 

1929 


2,541 

25 

4,005 

40 

3,442 

34 

«► 

1930 


2,534 

25 

3,853 

38 

3,143 

31 

i 

f 

Total 


21,949 | 

217 

22,103 

218 

24,986 

247 

«: 













It would be seen from the above table that the addition of farmyard manure 
in alternate years does not make much difference in the total yield of dry matter. 
In the case of green manure the total quantity of nitrogen removed by seven 
annual crops is 247 pounds. But it should be noted that in the case of farmyard 
manure 159 lbs. of nitrogen was added while in the case of green manure 122 lbs. of 
nitrogen was added. Series 5 consisted of duplicate plots only and received green 
manure only once during the year of experiment. On account of insufficient early 
rains, the crop grown was very poor and the addition of organic matter and there- 
fore nitrogen was very small. Even then the changes in the total nitrogen contents 
of this plot are worth comparison with those of the plots of series 4 and 6 which 
had received additions of farmyard manure, or sann in previous years. 

In the series receiving farmyard manure the total gain is as much as 85 per 
cent, and in the series to which sann was added the total increase is 93 per cent, 
over the original. In these series bhe nitrogen left in the soil at the end of the 

3E 
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year's period is much, higher than at the start. The greater activity of both these 
series as compared to that of unmanured plots is further noticed in the fact that the 
rise in nitrogen contents is seen continuously from the very first month until the i 
maximum peak in the curve is reached. The presence of organic matter naturally f 
changes some of the important physical properties. These changes are bound to 
affect the nitrogen changes in the soil. Further, ups and downs or fluctuations in 
the total nitrogen contents are noticed but the nitrogen at the end is much above 
that at the start. These changes are seen from Fig. 5. 





Table XVII. 


Quantities of total nitrogen in milligrams per 100 grams of oven-dry soil, along with 
percentage change in total nitrogen from month to month in the series 4, 5 and 
6 which received additions of organic matter . 



Series 4 . 

Addition of F. Y. M. 
in alternate years 

Series J. 

Addition of sann as 
green manure in 

1930 

Series 6 . 

Addition of sann in 
alternate years of 

1924, 1926 and 1928 

Mouth 

Milligrams 
of total N 
per 100 
grams of 
soil 

Changes in 
N contents 
on the basis 
of 100 as the 
N at start 

Milligrams 
of total N 
per 100 
grams of 
soil 

Changes in 
contents on 
the basis of 
100 as the N 
at start 

Milligrams 
of total N 
per ICO 
grams of 
soil 

Changes in 
contents on 
the basis of 
100 as N 
at start 

July 

62-04 

100-00 

55*86 

100*00 

71*55 

100*00 

August . 

95'44 

153*75 

68*29 

122*24 

98*43 

137*14 

September 

98*15 

158*12 

76*99 

137*78 

77*11 

107*76 

October * 

95*48 

153*82 

108*03 

193*33 

104*17 

145*57 

November 

114*87 

185*05 

88-29 

158*01 

309*45 

153*00 

December 

95*23 

153*41 

105*75 

1S9-27 

130*71 

182*68 

January . 

89*73 

144*55 

72*27 

129*36 

111*89 

156*37 

February . j 

98*36 

158*45 

78*70 

148*26 

102*50 

143*24 

March . . 

104*74 j 

168*73 

87*15 

156*21 

89*83 

125*54 

April 

109*98 

176*59 

99*69 

178*45 

111*06 

155*28 

May « 

88*16 

141*28 

96*52 

172*74 

100*65 

140*67 

June . . I 

104 77 

168*04 

85*02 J 

152*66 

99*23 

138*68 
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-Total nitrogen milligrams in plots of series IV receiving F. Y. M. 
.Total nitrogen milligrams in plots of series V receiving sann in 1930. 



!/\ A\ 

w \ ' V ' 

\ / 


I JULY AUS, SEPT, OCTQ. NOV* DEC. UAHU, FEB- MAR- APRIL MAY OUNE 

Fig. 5. 

Series 6 which had received additions of organic matter in the form of sann in 
three alternate years shows a great activity, the largest increase in nitrogen content 
is more than 82 per cent, over the original. But excepting this large increase the 
fluctuations in the curve obtained are very similar to those obtained in the 
unmanured series 1, which was subjected to only frequent cultural operations 
without any additions of manure. An increase in nitrogen contents is obtained in 
the first month but there is a sudden fall in the next. The maximum peak in the 
curve is again reached in December as in the unmanured series and then the 
nitrogen drops gradually giving a fluctuating curve in the later period. It may be 
p e 2 
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■Total nitrogen milligrams in series I unmanured, 

* -Total nitrogen milligrams in series VI receiving mnn in previous 
years, from 1924 to 1928. 
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Nitrate and nitrite nitrogen of manured series .— Prom the tabular statements 
giving the nitrate and nitrite nitrogen from month to month in all the three series 
which received organic matter sometime or the other during the period of seven 
years, it would be seen that the series receiving farmyard manure and fresh sann in 
the year of experiment show more or less the same fluctuations. In the case of 
plots receiving fresh sann there was at the start a large quantity of nitrates which 
went down in August due to the putting in of the green manure. This however 
increased in the following month and reached the maximum peak in October. It 
began to fall in November and then remained at a low level throughout the follow- 
ing seven months. But in the case of farmyard manure the quantity of nitrates 
was lowest at the start in July. The nitrates began to rise gradually from the very 
next month and rose to the maximum in November and then dropped down by 
sixty per cent, and then remained practically low throughout the following month. 
The nitrites in both the series were the lowest at the start and reached the maxi- 
mum at the end of the series, viz., in June. 


Series 6 which had received sann green manure three times since 1924 and had 


only the residual effect in the year of experiment showed the nitrate curve very 
s imi lar to that of the series receiving no manure. Starting with low nitrate 
contents in July, the maximum was reached in the month of August which then 
dropped in the next month and gave a second peak of rise in November and then 
after dropping down in December remained at a low level throughout the following 
six months. The nitrites were lowest at the start in J uly and were highest in May 
and remained practically at that level in the following month. 

As the sum of these forms of nitrogen indicates the activity in the soil for con- 
verting highly synthesised form of nitrogen into the simpler and available forms it 
seems that the most active period in all cases is restricted to a period from July or 
August to November according to the most suitable conditions for available mois- 
ture, temperature and aeration. Figure 7 gives the comparative changes in the 
total nitrate and nitrite nitrogen in the three series receiving organic matter for the 
purpose of manuring. 



mmAik jovm&h of agricultural sciUnor 


- Total nitrate and nitrite nitrogen milligrams, F. Y. M. series IV. 

, — „ — »Total nitrate and nitrite nitrogen milligrams, sann in 1930, series V 
-Total nitrate and nitrite nitrogen milligrams, sann in previous years, from 
series VI. 
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Table XVIII. 


Total nitrate and nitrite nitrogen combined, and nitrate and nitrite nitrogens separately . 
in milligrams of nitrogen per 100 grams of soil . 


Month 

Series 4, addition of 

F. Y. M. 

Series 5, sann in 

1930 

Series 6, sann in alternate 
years from 1924 to 1928 

Total 

nitrate 

and 

nitrite 

nitrogen 

Nitrate 

Nitrite 

Total 

nitrate 

and 

nitrite 

nitrogen 

Nitrate 

Nitrite 

Total 

nitrate 

and 

nitrite 

nitrogen 

Nitrate 

Nitrite 

July . 

0*092 

0*087 

' 0*005 

0*665 

0*66 

0*005 

0*536 

0-53 

0*006 

Angust 

0-515 

0*510 

0*005 

0-295 

0*29 

0-005 

1*747 

1*74 

0*007 

September . 

0*550 

0*540 

0*010 

1*076 

1*06 

0*016 

0*360 

0*35 

0*010 

October 

0*622 

0*590 

0*032 

1*780 

1*69 

0*000 

0*590 

0*52 

0*070 

November . 

1*077 

1*07 

0*007 

0*589 

0*58 

0*009 

0*992 

0*97 

0*022 

December 

0*403 

0*350 

0*053 

0*255 

0*21 

0*045 

0*429 

0*38 

0*049 

Jannaiy 

0*269 

0*21 

0*059 

0*234 

0*18 

0*054 

0*246 

0*18 

0*066 

February 

0*368 

0*29 

0*078 

0*406 

0*35 

0*056 

0*422 

0*34 

0*082 

March . • 

0*434 

0*37 

0*064 

0*267 

0*21 

0*057 

0*374 

0*29 

0*084 

April . 

0*365 

0*29 

0*075 

0*391 

0*29 

0*101 

0*431 

0*35 

0*081 

May . 

0*457 

0*34 

0*117 

0*330 

0*27 

0*060 

0*437 

0*33 

0*107 

June • 

0*465 

0*35 

0*115 

0*461 

0*35 

0*111 

0*345 

0*24 

0*105 


The results of the investigation of the second group of plots dealing with three 
series receiving organic matter added in the form of farmyard manure and green 
manure of Groialaria juncea may he summarised as follows : — 


(1) Nitrogen contents of the soils treated with organic matter show changes 
very similar to those observed in untreated soils. (2) The total increase or gain in 
nitrogen content over the original is. however, much greater in these series than in 
the series receiving no organic matter. (3) The time of maximum increase is a 
month or two earlier in the case of addition of farmyard manure or of sann in the 
year of experiment. (4) Where the addition of sann was done two years before the 
experiment the activity and changes in nitrogen contents are very similar to those 
of unmanured series. (5) There is no substantial difference in the nitrogen changes 
in the form of nitrates and nitrites except the fact that the maximum peak of nitrate 
contents is reached later in October or November in cases where additions of orga- 
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iiic matter are done freshly. In the case of residual organic matter, the nitrate and 
nitrite nitrogens behave exactly as those in the unmanured series. 




Conclusions. 

(1) Definite recuperation of nitrogen takes place in the soils under field condi- 
tions in the dry farm tracts of the Bombay Deccan. Wetting of the soil by the 
monsoon tains and the subsequent partial drying and heating during the dry spells 
of the monsoon seems to be favourable for starting the recuperation process. 
Better cultivation of the land helps to maintain the nitrogen contents of the soil 
fairly high and does not allow a sudden drop after the maximum peak is reached. 
The recuperation is much more pronounced and continues much longer in the fields 
than what was observed under laboratory conditions. 

(2) Addition of organic matter in the form of farmyard manure or sann (Cro- 
talaria jumea) increases the recuperation power of the soil and maintains the 
nitrogen contents at a fairly high level. 

(3) The maximum rise of the total nitrogen contents takes place at a time when 
the soil moisture is about 20 per cent, and the soil temperature nearly at 30°C. N 
Stirring of the soil by cultivation helps the recuperation process. 

(4) The quantities of nitrates and nitrites also fluctuate between a certain 
range. Cultivation and addition of organic matter give two peaks of nitrate nitro- 
gen which are directly useful for the growing crop. Fallowing also results in increas- 
ing the amount of nitrates and giving two periods of increase during the crop period. 
The nitrate nitrogen, though it forms a very small proportion of the total, being in 
the most readily available form, can prove to be effective in giving increased 
yields. 

(5) The investigations of the nitrogen contents of the soil under field conditions 
for a period of one year from month to month have shown very conclusively that 
the nitrogen content of the soil is not a stable or a constant quantity. There is a 

| range in every soil depending upon such factors as the moisture, temperature and 
f aeration, which in their turn are dependent upon the climatic factors. Hence the 
determination of nitrogen contents of a soil without any attention to the time or 
season of sampling or other concomitants like the moisture and temperature, is not 
likely to throw much light on the fertility of the soil as far as this ingredient is 
* concerned. 

(6) Different groups of soils may have different ranges of nitrogen contents 
depending upon the presence or absence of other soil constituents like organic 
matter or lime. Such ranges will have to be determined in different soils to enable 
the chemist to judge as to the adequacy or otherwise of the quantity found taking 
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into account tie season of sampling. Further work in nitrogen recuperation must 
therefore be in this direction. 
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(With two text-figs.) 

Introductory. 

The present work was undertaken in order to determine the variations in the 
seed and the lint weights due to the position of the seed in the lock. The materials 
selected for this purpose were the well-opened bolls of the Pun j ab -American cottons, 
viz., (a) The Early Strain, (b) 4 F, and (c) 289 F, picked at random in November 
1929, from different plants from the Physiology Plot of the Cotton Research Farm, 
Lyallpur. A detailed investigation, involving the fibre length and the fibre weight 
determinations, was carried out on the Early Strain alone. For the sake of corn- 
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parison the badly opened bolls 515 of all the three cottons were also Investigated with 
regard to the main problem. 

Literature bearing on the subject of this paper is rather scanty. Turner 
[1929 ; 1] remarked that <c difference in lint weight or seed weight may indeed be 
due to differences in the situation of seeds in a single boll *\ Ramanatha Iyer 
[1929] has shown : (i) that the seed weights and the lint weights are the highest near 
the basal position, (xi) that the apical seeds give the smallest seed and lint weights 
and (iii) that the ginning percentages are higher in the lower portion of the lock. 
Balls [1915] also has done much work on the relationship between the lint weight 
and the seed weight in raw cotton. He concluded that there is a fair amount of 
relationship between the lint weight and the seed weight, in as much as the same 
cause which affects one also affects the other. Kearney [1928] has extended Bali's 
work and has shown that the lint weight and the seed weight are correlated even in 
the individual bolls of Pima Cotton. 




Sampling.** 

In order to obtain representative samples the following procedure was adopted. 
One thousand locks were collected at random (irrespective of the number of locks in 
the boll and the position of the boll on the plant) from among the open bolls from 
various plants in each variety. Prom out of these a random selection of 200 locks 
was made ; these 200 locks were then separated at random again into 10 lots of 20 
locks each. 

In order to be able to tabulate systematically the results for each position, the 
different seeds in a lock were numbered serially, as shown in Pig. 1. ’While thus 
numbering the different seeds, each lock was placed on a table with the basal end 
near the observer and the fu nicies of the seeds uppermost. 

* The badly opened bolls are easily distinguished from the well-opened bolls by their appearance. 
As the causes leading to the bad opening of bolls Trought {Ind. J. of Agric . Sci. Vol. I, Part III, 
page 335) suggests that 4 4 unfavourable conditions, climatic and biological, overlap sufficiently 
to produce a general pathological state in the plant, which shows finally in the failure of bolls to 
develop properly 

** This method of sampling was suggested to the author by Mr. Trevor Trought, Cotton Research 
Botanist, Lyallpur, 
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Experimental procedure and sources op error. 

The measurements were carried out about a week after the collection of the 
samples in order to allow for the drying of the lint. The actual procedure adopted 
was as follows ; — 

At first the fibres on the seeds in each lock were carefully teased apart with a 
microscopist's dissecting needle and equally carefully cleansed of all adhering dirt 
and leaf particles with a good pair of forceps. The lock was then spread out on the 
table with the funicles facing the observer, as in Fig. 1, and the seeds, with lint 
intact, were slowly pulled apart until dissociated from one another. The seeds thus 
detached were left on the table in the same nositions raUtiwAlw aa ur;+h;„ 
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itself, and then another lock was similarly treated. This process was continued till 
the seeds of all the 20 locks in a lot had keen so detached. The seeds belonging to 
the same position were then collected together from all these twenty locks. After- 
wards all the 20 seeds with lint attached were weighed separately for each position 
in a balance of the steelyard type reading up to the tenth of a gram. The lint was 
then separated by pulling the hairs off from the seeds by hand, taking care to safe- 
guard against damages as far as possible. The seeds were then weighed again m the 
s a me balance. The difference between this weight and the former weight gave t e 
total weight of the linb. Hence the weight of one seed as well as the lint weight per 
seed was obtained. The lint separated was also weighed independently to serve as 
a check on the lint weight otherwise determined. The same procedure was adopted 

in the case of each lot. . , 

The lint of Early Strain was then utilised in determining (1) the fibre weight 
(by the “ cutting 5 ' method), and (2) the average fibre length (by Balls’ sledge 

sorter). 

The chief sources of error in the conduct of these experiments were as 

follows : — , . 

(i) the loss or the gain of fibres by a seed in the process of its extraction 

from tie lock ; 

(ii) retention of some small parts of the fibres by a seed during separation 

of the lint by hand ; . # 

(iii) absorption of grease and moisture by the lint during handling ; and 

(iv) the effect of humidity during the period of the experiments. 

The first two sources of error cannot of course be completely eliminated, ut 
they should in the present case be very small owing to the great amount of care 

taken at every step. . ^ , 

The third source of error was reduced to a minimum by working with ban s 

washed with soap and water and dried in the air. 

With regard to the last source of error it may be stated that the relative 
humidityinsidetbe Cotton Research Laboratory, Lvallpur, between 10 a.m. and 
2pm in November 1929 (when the actual measurements of the seed weight and me 
lint weight were carried out) was as low as about 27 per cent, on the average. The 
range of variation within the period of work was 15 per cent, to 40 per cent., while 
the extreme range of variation on a single day was 15 per cen • 0 per cen .* 
Moreover the time of exposure to the atmosphere for any one sample under experi- 
ment was also sraaU, being only a few minutes. It is highly pro a e, ere or ®’ * 

no serious harm was done ; for, according to Balls [1928] the maximum percentage 
by weight of water absorbed at 40 per cent, relative humidity after - days 
exposure is only 5’34 per cent. 
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Discussion of the results. 

The results will be conveniently discussed in two stages. In the first stage the 
main problem, viz., the seed and the lint weights for all the cottons, will be con- 
sidered ; in the second stage all the results for the Early Strain alone will be 
discussed. 

(a) The main problem. 

In comparing the values for the well-opened and the badly opened bolls 
(Table I), it is found that for the apical position the seed weight as well as the lint 
weight have got low values for both kinds of bolls. Prom the graphical representa- 
tions (Fig. 2) of these results a tendency towards a maximum value for the seed 
weight curves near about the basal positions can be fairly distinguished in the case 
of the badly opened bolls. The lint-weight curves for the well-opened bolls also 
exhibit such a tendency to a slight extent. Ramanatha Iyer [1929] working with 
G. Hrsutum and G. cernuum also observed a similar phenomenon. 

WELL-OPENED BADLY-OPENED 

of See</ ( Paiti.cn of Sud 
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Table I. 


Position 
of seed 
la tlie lock 


A.— Well-opeaed bolls 


ts s' 
o w 


ts 

8 


1*2 

1*9 

1*8 

0*9 

2*0 

1*7 

1*7 


Strain 

j 

P.-A, 

,41 


r.- 

A. 289 

P 


Early ! 
Strain 

P.-A. 

. 4 F 

P.-A 

.. 289 F 

% 

*8 S 

M 

2 

<8 

tS 

8 

fj> f 
% 

u 

o 

M 

W 

© 

•tS 

1 

if# 

B 

*2 

C3 

IS 

% 

3 

fcj 

© 

1 1 
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«3 

t \ 

ts ; 

"3 

£ 

8 

Pi 

•5. ih 

*3 o 

I 

I 

I? 

weight 

) 

S 

Pi 

S ISC 

§3 

n ® 

•d 

1 

gH 

1 

iS’g 

S o 

TJ 

C 

<3 

go 

a 

■w <y 

S a> 

I 

o 8 

cl 

sg 

*" n 

II 

ri 

■gg 

H 

m 

m 

CQ 

H 

02 

m 

m 


CQ 

02 


m 


«2 

S 

29 

1*5 

60 

1*6 

26 

1*7 

73 

1*7 

25 

0*8 

54 

20 

37 

14 

65 

19 

33 

1*4 

66 

1*8 

29 

1*4 

77 

2*0 

26 

0*9 

57 

20 

41 

18 

70 

24 

33 

1*6 

65 

1*1 

26 

1*5 

76 

1*8 

24 

0*9 

69 

24 

42 

20 

73 

23 

33 

1*1 

66 

1*2 

29 

0’9 

76 

1*5 

25 

1*3 

62 

21 

43 

21 

71 

26 

34 

1*6 

66 

1*0 

30 

1*3 

78 

1*4 

25 

0*9 

64 

24 

46 

21 

75 

27 

37 

1*6 

68 

0*9 

32 

1*7 

79 

1*2 

28 

1*2 

62 

23 

48 

25 

75 

28 

36 

1*0 

65 

1*1 

30 

1*8 

SO 

0*9 

28 

1*6 

59 

27 

60 

25 

75 

31 

85t 


62$ 

1*7 

29$ 

3*0 

74* 

.. 

27$ 

.. 

! ** 

• • 

45 

24 

** 

.. 

** 

•• 

.. 

i •• 

*• 

•* 

78* 

•• 

25* 

V 

•• 

•• 

*• 


*• 



B. — Badly opened bolls 


The phenomenon that the apical seeds have always the least weight is quite 
intelligible from the point of view of nutrition. But it is interesting to note that 
generally the basal seeds also have lower weights than the intermediate ones. These 
variations in the weights of single seeds in individual locks are very interesting and 
appear to fall in line with the work on other field crops. As an analogous case it 
may be mentioned that Engledow and Wadham [1923] in their investigations on the 
yield in cereals determined the mean weight of barley grains on each side of the ear 
in a random sample of 100 ears. They numbered the grains along the rachis from 

tip to base as B 1, L 1, R 2, L2 and so on. They found that proceeding from 

the tip to the base the weights of the grains increased rapidly to a maximum for a 
position nearer the base than the tip, and then decreased markedly towards the 
basal positions. 

Thus the analogy with the variation in weights of single seeds in different posi- 
tions in a lock of cotton seems to be complete. It is very likely, as Afzal and 
Trought [1932] suggest, that the cause of this interesting phenomenon rnay be traced 
to the supply of nutrition to the various parts of the boll due to any of the following 
causes : — 

“ (1) The distribution and size of the vascular bundles in the boll. 


f Available for 2 Iota only. Total number of seeds =24 in place of 200 (expected) . 

X Total number of seeds for the 8th position =182 instead of 200 for P.-A. 4 F ; and 70 instead of 200 for 
P.-A. 289 P. 

* Qnjy i6 healthy seeds in place of 200 (expected) were available for the 9th position. These values are rejected 
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(2) tie rate of flow of nutrients to tie different portions of the boll. 

(3) the internal pressure set up by a possibly differential rate of growth of 

locks and the epicarp of the boll. 

(4) tie competition for nutrients between different seeds inside the boll/* 

It may be noted that these authors have found that the number of motes is 

high towards the extreme portions of a lock, there being a minimum somewhere 
near the middle. These conclusions are in line with the occurrence of lower seed 
weights at the extremities of locks than in the intermediate positions. 

Now, since the 200 seeds for each position were tested in 10 lots, we have 
70 readings on the whole on account of the 7 positions taken together, for either 
the seed weight or the lint weight for each variety. Taking all these 70 pairs of 
readings without regard to positions, we get the following coefficients of correlation 
between seed weight and lint weight 

(1) Early Strain r=+0'45 ± 0-065 

(2) 4F ’ t — +0-33 ± 0-071 

(3) 289E r= +0-528 ± 0‘059 

Since these coefficients of correlations are based on 70 pairs of readings, it can 
be assumed that the ordinary method of ‘ probable error 5 calculation and the test 
of significance from normal distribution tables can be applied. It is found that the 
ratio of the correlation coefficient to its probable error is more than 3 in all the 
cases. So we can say that on the whole the seed and the lint weights are 
correlated. 

Correlation between seed weight and lint weight has been found to exist both 
by Balls [1915] and Kearney [1928], the former working with raw cotton and the 
latter with single bolls. Afzal [1930] working with a hybrid at Trinidad, found 
that the seed index was “ very highly correlated ” with lint index, the coefficient 
of correlation being r=+0‘710±0‘024r. 

It is clear from Table I that the seed weights and the lint weights of all the 
three varieties are better for the well-opened bolls than for the badly opened ones. 
As the bad opening of the bolls is due to a general physiological debility of plants 
[Trougbt 1931], a reduction in the weights of lint and seed is to he expected. 

(b) The Early Strain. 

The Early Strain has been investigated with regard to the mean fibre weight 
per unit length* and the average fibre lengthf in addition to the seed weight and 
the lint weight for each position of the seeds in a lock. The weight of a fibre of 

* The fibre weight for each position was obtained by weighing I cm. length of fibres in 5 lots 
of 250 fibres each, thus making up a total of 1250 fibres for each position. Each lot of 250 fibres w r as 
collected from five independent tufts of hair from a sliver after cutting. The mean sensitivity of the 
quartz microbalance was 0*050 mg. per div. 

f 2 Balls sorter tests from two independent slivers were made, 
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average length, the number of hairs per seed and the ginning percentage for each 
position have also been calculated from the data available. The results appear in 
Table II. 

Analysing these results, it is found that the fibre weight per unit length for the 
apical seed is the lowest, whereas the fibres from the seeds nearest the base have 
comparatively higher weights per unit length than the fibres from arty other seed in 
the lock. The fibre weights per unit length for the intermediate positions are 
intermediate in value and, within the limits of probable error,* fairly constant*. 

The average fibre length, however, is practically the same for all the positions. 
Thus the present experiments are not in accord with V. Ramanatha Iyer's [1930] 
expectation regarding fi< differences in lint lengths of seeds according to their posi- 
tion in the lock 99 . 

Figures given in Table II indicate that when the seed weight is considerably 
low, the weight of a fibre of average length also becomes low. 


Table II. 

Early Strain (mil-opened). 



Experimental 

Calculated 

' I 

Position of seed 
in the lock 

II 

Seed 

weight 

(mg.) 

■ . . : 
■ • ■ ■ 1 

■ ■■ ■ ' 

III 

Lint 

weight 

per 

seed 

(mg-) 

IV 

Average 

fibre 

length by 
Balls’ 
sorter 
(cms.) 

V 

Mean fibre 
weight 
per cm. 

( x 10“ 6 gm.) 

■ : 

VI i 

Weight of 
a fibre of 
average 
length 

( >: 10“" 6 gm.) 
(Col. IV x 
Col. V) 

VII 
Mean 
number 
of hairs 
per 
seed 

VIII 

Ginning 

percentage 

1 

73 

29 

2-32 

1*78 

4*13 

7022 

28*3 

2 

79 

33 

2*36 

1*85 

4*37 

7551 

28*9 

3 

79 

33 

2*41 

1*94 

4*68 

7041 

29*0 

4 

79 

33 

2*36 

1*95 

4*60 

7174 

29*6 

5 

80 

34 

2*35 

1*96 

4*61 

• 7375 

29*6 

6 

80 

37 

2*35 

2*07 

4*86 

7613 

31*6 

7 

78 

36 

2*31 

2*10 

4*85 

7423 

31*1 

8 

77 

35 

•• 




.. 


# « The probable error of a single observation oi fibre weight lies between 3 and 6 per cent, for most 
Indian cottons.”- — A. J. Tomer, “Technological Report on Standard Cottons 1929 ”, p. 18. 

F 
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From Ms data on single seeds, Turner [1929, 2] concluded that ginning percent- 
age hears no direct relationship to the number of hairs per seed. He also found 
that the number of hairs per seed does not bear any significant correlation to the 
seed weight. 

The present experiments appear to confirm these conclusions. But no indica- 
tion could be obtained from the present work with the Early Strain regarding the 
“ association of high ginning percentage with low seed weight ” as shown by Turner 
[1929,5] to exist in the case of A. 19 and 4-F. 

It may be mentioned here that Turner did not select his seeds as in the present 
case with reference to their positions in a lock, nor did he distinguish between the 
well-opened and the badly opened bolls. What he did was merely to reject the 
diseased seeds [Turner, 1929, 4]. 

The ginning percentages, as calculated from the present data, show an increase 
towards the basal positions. The same phenomenon is discernible in the case of 
the other two cottons also (Table 17). This may probably be due to the following 
causes, alone or in combination : — 

(1) the increased weight of individual hairs through extra thickening* 

(2) the increased number of hairs per seed (Table II). 

(3) a diminution in the seed weight (Table II). 

Table III. 


« rn . , , . t T , 100 x standard deviation 

Coefficients of variability = 

mean 

(Early Strain , well-opened ). 


Position 

of 

seeds 

Coefficient of 
variability for 
seed weight 

Coefficient of 
variability for 
lint weight 

Coefficient of variability 
for ginning percentage : 
100 X lint weight 

seed weight + lint weight 


Per cent. 

Per cent. 

Per cent. 

1 

5*4 

17*0 

13*2 

2 

7*5 

13*5 

10*9 

3 

7*3 

14*1 

9*4 

4 

3*8 

10*8 

9*6 

5 

8*2 

15*4 

11*6 

6 

6*8 

13*5 

12*4 

7 

7*0 

8*8 

9*9 


* Balls, as quoted by Turner in the Tech. Bull (I. 0. 0. 0.) Ser. B, No. 4, p. 8, does not appear tg 
be agreeable to tins view with regard to his work on raw cotton. 





VARIATION OF CHARACTERS OF COTTON WITH POSITION OF SEEDS IN LOCK 


Table IV. 

Ginning percentages {well-opened halls), 


In Table III are given the coefficients of variability for the seed weights, the 
lint weights and the ginning percentages corresponding to each .position for the 
Early Strain. It is evident therefrom that the seed weights of the Early Strain are 
the least variable whereas the lint weights are the most variable. But the ginning 
percentage, which is a complex character involving both the seed and the lint 
weights, shows less variation than the lint weight for different positions. In explana- 
tion of such a phenomenon Turner [1929, 3] has stated that C£ deficiency of nutriment 
will affect both seed weight and lint weight, so that obviously the relative change in 
their ratio is likely to be less than the relative change in the lint weight alone ”, 

Some correlation coefficients for the Early Strain and their significance* 


# It is well to state here that the number of pairs of readings for the sake of these calculations was 
as low as seven, this limitation being imposed by the number of seeds in a lock for which the measure- 
ments concerned Were possible. 


Position of seed in 
the lock 

! 

Early Strain 

4-F 

289-F 


Per cent. 

Per cent. 

Per cent. 

I 

28*3 

30*2 

25*5 

2 

28*9 

30*5 

25*2 

3 

29*0 

28*6 

24*0 

4 

29*0 

30*5 

24*8 

5 

29*6 

31*3 

24*3 

6 i 

31*0 

32*0 

20*1 

7 I 

31*1 

31*6 

25*9 

8 

— 

31*9 

— 


Properties 

Correlation coefficient 

(I) The mean seed weight and the mean average fibre length 

r s=s -f0*48 

(2) The mean seed weight and the mean number of hairs per seed . 

r = 4-0*33 

(3) The mean lint weight and the mean fibre weight per unit length 

r = J -0*93 

• 4) The mean seed weight and the weight of a fibre of average length 

r = 4-0*72 
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In order to test the significance of the above correlations it is necessary to 
calculate the probability that such a correlation should occur in a random sample 
in a non-correlated population. A significant correlation corresponds to a low value 
of this probability and vice versa. Using the tables given by Fisher [1930], it is 
found that in the present case (Table V) the correlation between the mean lint 
weight and the mean fibre weight per unit length is highly significant. There does 
not, however, seem to exist any correlation between the mean seed weight and either 
the mean average fibre length or the mean number of hairs per seed. The correla- 
tion between the mean seed weight and. the weight of a fibre of average length is not 
significant. 

Table V. 

Application of Fisher’s t. p. criterion to correlation coefficients from small samples. 


Correlated properties 

Correlation 

coefficient 

r 

i 

n 

■ No. of pairs 
of observa- 
tions mines 
2), 

t . — — x 

■s/W* 

Probability, 

P 

Remarks 

(1) Mean seed weight and 
mean average fibre 
length 

+ 0*48 

5 

1*224 

0*28 

Non-significant 

(2) Mean seed weight and 
mean number of hairs 
per seed 

-tO-38 

5 ! 

0*734 

0*50 

Ditto 

(3) Mean lint, weight and 
mean fibre weight per 
unit length 

+ 0*93 

5 

5*657 

0*0025 

Significant 

(4) Mean seed weight and 
weight of a fibre of 
average length 

+ 0*72 

5 

2*320 

0*07 

Non-significant 


(I) The seed and the lint weights are, on the whole, correlated. The apical 
seeds give the lowest seed and lint weights. The seed and lint weights in the case 
of the basal seeds are also low. These conclusions agree with those of Bamanatha 
Iyer. 

As evident from the experiments with the Early Strain. 

(II) The apical seeds give (i) fibres of the least weight per unit length, (ii) the 
lowest ginning percentage, and (in) the smallest number of hairs per seed. 

(III) The fibre weight per unit length and the ginning percentage are high for 
the basal seeds. 
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(IV) Average fibre length does not seem to vary with the seed positions, 
although Raman atha Iyer expects “ differences in lint lengths of seeds according 
to their position in the lock 

(V) The present work is in accord with Turner's conclusions regarding the 
absence of correlation between the number of hairs per seed and either the ginning 
percentage or the seed weight. 

The conclusions arrived at from the present experiments with regard to the 
effect of position particularly on the seed weight, the lint weight and the fibre 
weight per unit length have been tested by Fisher's method of analysis of variance. 
It is found that the effect of position is significant in all the cases (Table VI). 
This result definitely indicates that it is not enough to ascribe the differences in the 
values of any one of these characters for different positions of the seeds in a. lock to 
random sampling alone, but that these differences must be due to some other cause. 


Table VI. 


Effect of position on seed-weight, lint weight and fibre weight as tested by Fisher 3 s 
method of analysis of variance fi 


Cotton 

Effect of posi- 
tion on 

% 



IU 

z 

Value of 
z for 
P=0*01 

Remarks 

c 

1 Seed weight . 

6 

54 

0*9092 

0*5795 

Significant 

I. Early Strain . < 

Lint weight . 

6 

54 

0*9504 

0*5795 ■ 

Significant 

( 

Fibre weight . 

6 

24 

0*9068 

0*6496 

Significant 


Seed weight . 

6 

54 

0*8508 

0*5795 

Significant 

2. P.— A. 4 B . • [ 

Lint weight . 

6 

54 

0*5701(1*) 

0*5795 

Doubtfully significant 


Seed weight . 

6 

54 

0*7594 

0*5795 

Significant 

3. P. — A. 289 F . ^ 

Lint weight . 

0 

54 

0*472 1(f) 

0*5795 

Doubtfully significant 

4. Early Strain 4 F ( 

Seed weight . 

6 

180 

1*0587 

0*5152 

Significant 

and 289 F (. 

Lint weight . 

6 

180 

0*9634 

0*5152 

Significant 
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A STATISTICAL NOTE ON THE ANALYSIS OE VARIANCE. 

Tlie mean seed weights and lint weights for the seven different positions of seed 
in the lock for each of the ten lots give in all 69 degrees of freedom for analysis in 
each of the three varieties of cotton, viz., the Early Strain, P.-A. 4 E. and P.-A. 289 P. 
First, the variation in seed weight and lint weight with respect to the position of 
seed in the lock was studied separately for each of the varieties and the results are 
summarized in Table I below. There being only 5 lots available for the study of 
variation in fibre weight, the total number of degrees of freedom to be analysed in 
this case was only 34. These results are also given in Table 1 . The effect of posi- 
tion is significant in all the cases studied. 

It will be noted that in the case of seed weight and lint weight random varia- 
tion has been assigned only 54 degrees of freedom instead of 6-3, and for fibre weight 
only 24 instead of 28. This is due to the fact that 9 degrees of freedom in the 
former and 4 in the latter have been separated from the total for residual variance 
and ascribed to what has been called the variation between ‘ lots’. Even though 
the different lots had been chosen at random the analysis shows that there still 
remains a significant variation between the ‘lots ’ ( c.f variation between blocks in 
the case of a ‘ randomised blocks ’ field experiment). In fact, in the case of seed 
weight for both the Early Strain and 289 F. the effect of ‘ position is definitely 
marked by the variation between lots as is evident by comparing the results before 
removing the 9 degrees of freedom with those after the removal. For 1^=6 and 
n 2 ==63 the values of z in the two cases are 0-3999 and 0‘3202 and are not significant, 
while as a matter of fact the effect of position is significant. In most of the remain- 
ing cases also the variation between ‘ lots ’ was quite significant. Therefore it is 
necessary to remove this spurious variation from the residual variance to make the 
comparisons between the different positions strictly valid. 

A more comprehensive analysis was also made in the case of the mean seed and 
lint weights by taking all the three varieties together. The results are summarised 
in Table II. In both cases the effect of ‘ varieties ’ as well as that of 1 position ’ is 
statistically significant. As can be expected the differential response of varieties with 
regard to position is quite insignificant. 


Conclusion. 

From the above analysis it is evident that in the case of all the three characters 
studied and in the case of all the three varieties of the Punjab-American cottons 
examined, the position of seed in the lock has a marked effect and the differences 
observed with regard to the position must be regarded as due to some other cause 
than mere random sampling fluctuations. 
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Table I. 

Significance of the seed weight, the lint weight and the fibre weight with 

'position of a seed in a loch. 


Remarks 


Character 

studied 


Significant 

Significant 

Significant 


Significant 

Doubtfully signi- 
ficant 

Doubtfully signi- 
ficant 


Lint weight 


Significant 


Fibre weight 


Table II. 

zed weight and the lint weight with regard to varieties of cotton 
and to the position of a seed in a loch. 


Value 
of z 
for 

P=0*01 


Remarks 


Character 

studied 


Variety Significance of 


Significant 

Significant 

Non-signifi- 

cant 

Significant 


L Position 


Early Strain 


2. Varieties 


Seed weight 


Negative 


ponse, 


Significant 

Significant 

Non-signifi- 

cant 

Significant 


1. Position 


Early Strain 


2, Varieties 


Negative 


Lint weight 


ponse. 


by R. A. Fisher 


Values calculated from < z 5 table in “ Statistical Methods for Research Workers 


Variety 

ih 

n 2 

z 

(") „ 
Value of 
z for 
P=0*0X 

Early Strain 

6 

54 

0*9092 

0*5795 

P.-A. 4 F. 

6 

54 

0*8508 

0*5795 

P.-A. 289 F. . 

6 

54 

O' 7 594 

0*5795 

Early Strain 

6 

54 

0-9504 

0*5795 

P.-A. 4 F. 

0 

54 

0’5701t 

0*5795 

P.-A. 289 E. . 

6 

54 

0'472if 

0*5795 

Early Strain 

6 

! 

24 

0-9008 

0*6490 
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(With Plates XL1X-L11I and two text-figs.) 

Introduction. 

The grain crop in the Attocb and adjoining districts of Rawalpindi and JJielmn 
lias been subject to the attack of the blight disease, which has seriously damaged 
the crop for a number of years. Nest to wheat, gram (doer arietimm L.) is the 
most important rabi (spring crop) bamni crop of the Attack district and occupies 
an area of about one lakh acres. In certain years when climatic conditions are 
favourable to the disease, the crop becomes almost totally destroyed in many 
places. Recently the disease has been observed in several other parts of the 
Province, Ae,, Gujrat, Gurdaspur and Lyallpur, although the damage done in these 
places is not serious, possibly due to the climatic conditions not being so favourable 
to the disease there as in the north. 

The investigation of the disease was taken up by the senior author of the 
paper in 1926. Examination of samples of diseased plants collected from fields at 
Talagang (Attock district) revealed the presence of a fungus which on identifica- 
tion at Lyallpur and with the concurrence of the Imperial Mycologist, Imperial 
Institute of Agricultural Research, Pusa (Bihar) was considered to be Mycospkaerella 
p inodes (Berk and Blox) Stone— Ascoehyta pin Lib. A report of the investigations 
then made chiefly describing the symptoms and the nature of the damage was sub- 
mitted to the Director of Agriculture, Punjab ; also a popular note was published 
in the “ Seasonal Note ” of the Punjab Agricultural Department, Vol. Ill, No. 2, 
October, 1926. 

Symptoms . — Symptoms of the gram-blight disease as studied on the specimens 
collected are as follows :■ — 

All the above-ground parts are affected by the disease. Brown spots varying 
in size appear on branches, leaf stalks, and leaflets. On the stem the lesions are 
prominent and there may be several of them at intervals. Generally the spots 
encircle the stem completely and the parts of the plant above the lesions wilt and 
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droop down. In case where the spots are found at the base of a plant the 
whole of the plant withers. As a rule lesions are found on the terminal portions 
of shoots. In this respect gram-blight presents a striking contrast to the wilt 
disease of gram in which case the whole plant wilts invariably, due to the disease 
having affected the roots. The pods of diseased plants hear prominent concentric 
spots of dark brown colour. The characteristic feature of the spots is that they 
are dotted over with numerous dark bodies called pycnidia (Plate XLIX). When 
a section passing through a pycnidium is examined under the microscope, it looks 
spherical or pear-shaped, with an opening called the ostiole at the top and numerous 
oval or oblong single-celled pycnospores inside it. 

A causal fungus. — Gram-blight has been also reported from Prance, Italy and 
Spain. The fungus responsible for this disease in these countries has been named 
Phyllosticta rabiei (Pass) Trotter. In the course of examination of the diseased speci- 
mens it was found that the characters of a fungus isolated for detailed study 
resembled closely those of Phyllosticta rabiei (Pass) Trotter. In order to determine 
if the spe cimens of gram-blight fungus as collected here in the Punjab are identical 
with it, actual specimens of Phyllosticta rabiei on gram with pods were obtained fox- 
study from Professor L. Petri, Director of the Eoyal Station of Vegetable Pathology 


at Rome. 

A comparison of the local gram-blight fungus and Phyllosticta rabiei (Pass) 
Trotter is given below : — 

Local gram blight fungus . — Pycnidia concentrically arranged on the pods, 
size: 163 - 75 Xl48’20 microns. Pycnospores: hyaline, oval or oblong, unicellu- 
lar without a median septum. Size : 10'75x5'l microns. 

Pycnospores of the local gram fungus were examined in all stages of develop- 
ment. Alm ost in all cases they were unicellular and unseptate. Rarely a bicellu- 
lar spore was noticed. 

Phyllosticta rabiei (Pass) Trotter.— Pycnidia concentrically arranged on the pods 
and leaves. Size, 18P64X166-20 microns. Pycnospores : hyaline, oval or oblong, 
unicellular with no median septum. Size : 11-0x5-20 microns (Plate L). 

The above comparison of the characters of the two fungi clearly shows that 
they are closely related to each other. 


A study of the local gram fungus and Phyllosticta rabiei (Pass) Trot- 
ter, ON CULTURE MEDIA. 


The local gram fungus was isolated from lesions on plantB obtained from 
Campbellpur in February, 1931, and was grown on pure cultures from single spores. 
A pure culture of Phyllosticta rabiei (Pass) Trotter was obtained from Schimmel- 
eultures, Baarn, Holland. Media used for the cultural study were (1) Oatmeal agar, 
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(2) Potato-dextrose agar, (3) Gram seed extract agar, (4) Richards’ agar, (5) 
Nutrient glucose agar and (6) Gram-meal agar. 

Pour plates of each medium were inoculated on the 20th March. 1931, excepting 
gram-meal agar which was inoculated on 7th January ; 1932, with the fungi referred 
to and were placed in the culture room the temperature of which varied from 
70° 80° P. The following observations were made on the cultures 

Colour, rate of radial growth, outline, margin, surface, relative amount and 
nature of aerial mycelium, zonation, sporulation and other outstanding 
features of the colonies. 

Characters studied under these heads are given in Table I. 

A study of the table and photogra. 
the local gram fungus from Cambellpur 
very similar with regard to most of the cul 
however, a sightly higher rate of growth 
noticeable some other minor differences, 

position of the two organisms. For example, on nutrient glucose 
the local gram j _ 
while those of Phylloslicta, 
oatmeal agar < 
those of Phylbsticta rahiei 


phs of culture plates (PL LI) will show that 
and Phylloslicta rabid (Pass) Trotter are 
iral characters. Phylloslicta rabid has, 
Figs. 1 and 2). Besides, there are also 
but they should not alter the identical 
agar colonies of 

fungus bear large pink masses of pycnospores exuded from pycnidia, 
{ rabid are not so abundant. Another difference is that on 
colonies of the local gram fungus are somewhat more elevated than 


Local Gram-bught. 


Days. 

Fig, 1. — Rate of growth, of local gram-blight and Phylloslicta rabtei on potato-dextrose agar at room temperature, 
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Microscopic characters of the fungi on oatmeal agar. 

Local gram f ungus,-— Pycnidia : round, dark olive buff in colour with a peridium 
of polygonal cells, covered and surrounded by thick, dark, septate hyphae. Ostioles 
common. Size : 135 X 155 microns. 

Pycnospores : hyaline, unicellular, oval or oblong, with rounded ends and two 
tiny oil globules near the extremities. In rare cases a faint median septum is ob- 
served. Size : 10*77 X4*0 microns. 

Aerial mycelium : 6*3 microns wide, hyaline and septate, with oil globules. 

Phyllostiota rabiei (Pass) Trotter . — Pycnidia : round, oval or somewhat irregular, 
dark olive buff in colour, covered and surrounded by thick, dark, septate hypliae. 
Size : 200 X 167 microns. Ostioles visible in a less number of cases. 

Pycnospores : hyaline, unicellular, oval or oblong, with rounded ends and two 
tiny oil globules near the extremities. One to two per cent, pycnospores showed 
a faint median septum. Size : 10*51 X402 microns. 

Aerial mycelium : hyaline and septate. 6*55 microns wide, with numerous oil 
globules (PL XII), 

From the observations given above, it is further established that there is a 
close relationship between the local grain-blight organism and Pyllostieta rabiei 
(Pass) Trotter. 

ik ' As mentioned above the pycnidia of the local grain-blight fungus 'are, however, 

somewhat smaller than those of Phyllostiota rabiei . The slight differences mentioned 
are, however, negligible and should not affect the identical nature of the two 
organisms. 

The authors are indebted to Dr. W. McRae, D.Sc., Imperial Mycologist, Im- 
perial Institute of Agricultural Research, Pusa (Bihar), for a biometrical analy- 
sis of the measurements of pycnospores of the two fungi from the data supplied to 
him. His note is reproduced below : — 



Range 

Mean 

Length 

Breadth 

Standard 

deviation 

o 

■"S u 
o O 

O B 

Standard 

deviation 

Probable 

error 

Phylbrticta rabiei (Nature) . 

3-9-17*5 x 3‘9 -5*8 

11*1x5*3 

2*3 

*15 

2*0 

*13 

Ditto Oat agar . 

5*8-13*7x2*9-5*8 

10*7x4*0 

2*7 

*18 

*5 

*03 

Gram-blight (Nature) . 

' 3-17*5x2*5-7*8 

10-7x5 

2*8 

*19 

1*4 

*09 

Ditto Oat agar . 

3*4-17*5x3*0-6*8 

11 X4 

2*3 

*15 

*9 

*04 
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The differences between the constants for Phyllosticta rabiei and “ gram-blight ” 
are not statistically significant. 

According to these measurements then there is no difference between “ gram- 
blight ■’ and “ Phyllosticta rabiei 

° In addition to oatmeal agar culture the study of the pyenospores of the two 
fungi was made on four other culture media, i.e., Richards’ agar, gram extract 
agar, gram-meal agar and pea-soup agar. The results are given in Table II. It 
will be seen from the table that the two fungi are alike with regard to the characters 
and dimensions of spores. The identical form of the two fungi in relation to spores 
is established by these studies. If there is variation in size in the case of one on 
a culture medium, the other fungus also shows the same. The size of the spores of 
both the fungi has increased on gram-meal agar and pea-soup agar. 

Table II. 

Description of the pyenospores of local gram-blight and Phyllosticta rabiei (Pass) 

Trotter , on various culture media. 


^ . Name of the 
■gl fungus 


1 Local gram- 
blight. 


2 Phylhsiicta 
rabiei (Pass) 
Trotter 


Richards’ agar Gram-extract agar 


Hyaline, unicellu- 
lar, oval to ob- 
long, measuring 
10*05 x 4 microns 


Hyaline, unicellu- 
lar, oval to ob- 
long, measuring 
10*5x4*10 mic- 
rons 


Hyaline, unicellu- 
lar, oval to ob- 
long, protoplas- 
mic contents gra- 
nular and mea- 
suring 10*0 x 4*5 
microns 

Hyaline, unicellu- 
lar, oval to ob- 
long ; many with 
protoplasmic con- 
tents granular 
near the ends, 
and measuring 
10*02x4*03 mic- 
rons 


Germination studies. 

Pyenospores from 15 days old cultures of the local gram-blight fungus and 
Phyllosticta rabiei (Pass) Trotter, on gram leaf extract agar, were sown in drops of 
the following solutions on clean flamed glass slides : — 

(a) Sterilized distilled water, 

(b) 5 per cent, glucose solution, 

(c) Gram seed extract, and 

(d) Gram leaf extract. 


Gram-meal agar 

Pea-soap agar 

Hyaline, 

uniceliu- 

Hyaline, uniceliu- 

lar, ov 

al to ob- 

lar, oval to ob- 

long, 

measuring 

long, measuring 

1 i*04x 

4*30 mix 

11 x 4*6 microns 

rons 

Hyaline, 

uniceliu- 

Hyaline, unicellu- 
lar, oval to ob- 

lar, oval to ob- 1 

long 

measuring 

long, with 2 large 

10*72 x 

4*16 mic- 

vacuoles near the 

rons 


ends, and measur- 
ing 1 1*05, 4*25 
microns 
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The slides were arranged on clean glass rakes placed in moist chambers. The moist 
chambers were placed in incubators set at the following temperatures . 

(1) 8° — 10 c 0. 

(2) 15°0. 

(3) 20°0. 

(4) 25°0. and 

(5) 32°0. 

The slides were examined after 16 hours. No spores of any of the two un 0 i 
were found to have germinated in sterilized distilled water and 5 per cent, glucose 
solution at any of the temperatures given above. On the other hand nearly al t re 
pycnospores of both the fungi had germinated in gram seed and gram leaf extracts 

at 15°0., 20°C. and 25 c O. . . , 

Germination did not take place at 8°* — 10°C. and 32 G. even in gram see anc 

gram leaf extracts at the end of even three days. 

Pycnospores of both the fungi germinate in exactly the same manner. Germi- 
nation begins after about 8 hours and more than 95 per cent, pycnospores had germi- 
nated within 16 hours. Germ tube comes out generally from one end of the 
pycnospore. However, spores are observed producing germ tubes both ways an 
even from their centre. The germ tubes are at first continuous, but subsequently 
form septa and branch. The germ tubes of neighbouring pycnospores anastomose. 

Inoculation experiments. 


Six potted gram plants were inoculated on the 20th April, 1931, by atomising 
them with a suspension of pycnospores from a pure culture of Phyllostwta rabiei 
(Pass) Trotter. Six similar potted plants were kept as control. The plants were 
thoroughly washed with sterilized water before inoculating them. Inoculations 
were made late in the afternoon and the inoculated plants were covered with dis- 
infected bell-jars for 72 hours. After 4 days, symptoms of infection were noticed 
on the inoculated plants. Lesions first appeared on the leaves and in severe cases 

pycnidia were also formed on some spots. Stems and branches also bore diseased 

spots and had turned brown. Affected leaves and branches drooped and ultimately 
dried up. The symptoms produced by Phylloslieta rabiei were similar to those of 

the local gram-blight fungus. , • ,<,,1 9rlrl 

With a view to confirming the results of inoculation tests made in 1931 and 
extending the work for obtaining conclusive data, further experiments were con- 
ducted in February, 1932, as described below 

On the 18th February, 1932, three sets each of 5 healthy potted (pan, p an . 
of the common type were selected and washed with sterilised water. Fine plants 

a 



I 


i. 
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were inoculated by each of the two fungi, i.e.\ the local gram-blight fungus and 
PJiyllosiicta mbiei (Pass) Trotter by the same method as already described, and 
employed last year excepting that the plants were placed in disinfected glass 
chambers. The spore suspensions of the two fungi were taken from pure cultures 
on gram-meal agar. Five plants were left uninoculated to serve as control After 4 
days, i.e., on the 22nd February, 1932, young terminal shoots of the inoculated 
plants began to show signs of drooping and withering. A few days later, typical, 
dark brown elongated lesions appeared on the branches. Dark circular spots with 
pycnidia concentrically arranged appeared on the pods in large numbers. Pycnidia 
when examined in water under the microscope yielded numerous hyaline, uni- 
cellular, oval or oblong pycnospores identical with those in the suspension used for 
inoculation. Within 10 days the leaves and branches of the inoculated plants were 
almost killed. 

The control plants remained healthy and green (Plate LI1I, figs. 1, 2 and 3). 

The inoculation experiments were repeated after a week and were successful in 
producing the disease as before. 

Another inoculation experiment was made on the 6th March, 1932. In this 
case only detached green gram pods were taken and surface sterilized with 0*1 per 
cent, mercuric chloride solution for about a minute and then were thoroughly rinsed 
with sterilized water with a view to freeing them of organisms present on the 
surface. By means of a sterilized platinum needle, mycelium and pycnidia con- 
taining pycnospores of Phyllosticia mbiei (Pass) Trotter and the local gram-blight 
fungus obtained from culture w T ere each placed on one dozen pods, A third set of 
12 pods was left uninoculated to serve as control. Both the inoculated and un- 
inoculated sets of pods were placed in three separate sterilized petri dishes contain- 
ing moist sterile filter papers and covered with lids. The petri dishes were placed 
in moist chambers at the roomstemperature of 70° — 75°F. After 10 days the pods 
were examined on the 15th March, 1932. The pods inoculated with both the fungi 
produced typical, -circular dark brown spots bearing pycnidia. Moreover, the seeds 
within the pods were, on examination, found to have dark spots on the testa. In 
some seeds the entire surface had turned black. 

The uninoculated pods remained green and free from the disease. 

It is interesting to note that in one case of inoculation with the local gram 
fungus, the seed had germinated during the experiment. Dark spots had appeared 
on the radicle. Sections of the diseased portion were cut and examined. Many 
hynhae inter and intra-cellular were found. 

These inoculation experiments prove conclusively that PJiyllosiicta mbiei (Pass) 
Trotter causes the same blight disease as the local gram fungus, under investiga-* 
tion, does. 
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Effect of the disease ok gram seeds. 

Seeds also have been found affected in pods by the disease. It appears that the 
fungus penetrates from the ovary wall into the testa of the seed at the point of 
contact. As badly diseased plants wither before maturity the pods also dry up, 
and the seed remains small and immature. 

Dark spots characteristic of the disease have been noticed on the testa of the 
seeds from affected pods. Cotyledons of these seeds also show some spots. Spots 
on the ovary wall, testa and the cotyledons correspond in their position and underlie 
one another in this order. Some seeds are much shrivelled and are altogether 
useless for any purpose (Pl. LIII, figs. 4 and 5). These seeds have not been found 
to germinate. There are, however, found always a few plants in the field on which 
pods with diseased spots are present, but no obvious damage seems to have been 
caused to the seed, as they are fully developed like normal seeds and germinate 
quite well. These seeds also, however, bear diseased spots. Sections of the testa 
and cotyledons have shown that there are hyphae in them. The hyphae are 
branched, hyaline and septate with oil globules. They are inter as well as intra- 
cellular. 

A comparison of seeds from (1) healthy pods, (2) diseased pods, regarding 
absolute weight and germination capacity is given below : — 


Kind of seed 


Absolute weight 
per 100 seeds 


Percentage 

germination 

capacity 


1. Healthy seed 


12*57 grms. 


2. Diseased „ 


Mode of infection and perennation. 

As mentioned above, the bligbt fungus forms diseased spots on tie pods as well as 
on the testa and cotyledons. To investigate if the seeds carry the fungus, the 
infected seeds after surface sterilization were placed in plain agar slants and were 
placed in a chamber at the room temperature of 72° — 77°P. on 14th April, 1932, On 
the 4th day a mycelial growth appeared on the slants and produced numerous 
pycnidia containing hyaline unicellular spores within a week. Pycnidia were also 
observed in abundance on the testa of the seeds. Some of the seeds had germinated 
on the slants. A diseased spot 5 days after germination appeared on the plumule 
just below the tip. The lesion was dark brown, elongated, and was covered with 

o 2 
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numerous pycnidia, typical of the disease. These observations show that the seed 
carries the fungus. It is probable that primarily the disease is produced in the 
field by sowing diseased seeds. In localities where the disease has been prevalent, 
seed from the local diseased crop is generally used for sowing purposes. There is, no 
doubt, that most of the seed is infected. As stated above about 45 per cent, of the 
seeds harvested from the diseased crop are able to germinate. Some of these viable 
seeds are infected. The plants to which they give rise will bear the disease in the 
first instance. Lesions are formed on the branches and pycnidia and spores are 
produced in large n um bers. The spores are liberated from the pycnidia and are 
disseminated by wind. If the conditions are favourable such as moist weather and 
strong winds, the spores that are carried to other plants in the fields stick to their 
surface, germinate and cause infection. In this way, secondary infection is brought 
about very rapidly. The disease first appears on a few plants, in the beginning or 
the middle of January but continues to spread in the fields involving more and more 
plants gradually. Generally it is found in patches which get enlarged as the disease 
progresses. Under conditions favourable for the dissemination and germination of 
spores, which usually prevail in the beginning of March, when flowering and fruit- 
setting commences, the attack of the fungus is very severe and takes the form of an 
epidemic. It has been observed that flourishing fields of the crop are scorched and 
altogether killed by the disease within a period of one to two weeks. Most of the 
disease is caused by secondary infection. 

The following experiments were carried out in 1930-31 for the study of the 
mode of perennation of the fungus : — • 


1, Botanical Farm, Lyallpur . 

Field experiments , — Seed obtained from a severely infected crop was obtained 
from Rawalpindi. It was sown in 1930 at Lyallpur with healthy gram type No. 7 
in alternate plots measuring 45 ft. x8 ft. The crop raised from the diseased Rawal- 
pindi seed was found to be affected by the disease in the last week of March. About 
56 per cent, of the plants were attacked. The disease was apparent mostly on the 
pods. The crop in the adjacent plots of healthy type No. 7 was also somewhat 
diseased, but the attack was only 2’7 per cent. This was due to secondary in- 
fection from the diseased plots. Gram had never been sown on this piece of land 
before. There was no gram-blight disease in any of the gram plots in the Bota- 
nical area. The results show that the disease was carried by the use of seed which 
was taken from the diseased crop. The possibility of soil being a contributory 
cause is obviously excluded. In October, 1931, gram seed obtained from Feroze- 
pur where the disease is not found was sown on the plot which had borne a 
diseased crop of 66 per cent, intensity in the previous season. The crop pro- 
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2 . Agricultural Farm, Rawalpindi. 

In 1929-30 the gram crop at the farm covering about 10 acres was badly attack- 
ed by the gram -blight disease. Half an acre of this was sown each with healthy 
seed of gram types Nos. 7 and 15 respectively in October, 1930. The crop raised 
was absolutely free from the disease. 

3. Agricultural Farm, Gampbellpur . 

(a) Two plots, 2 acres each, of the land which had in the previous year borne a 
diseased crop, were each sown with Punjab gram types 7 and 15 respectively. 
Careful observatioos were made on the crop throughout the season and no trace 
of the disease was found. There were several gram fields of farmers in the vici- 
nity of the farm which were attacked by the disease. But as the climatic condi- 
tions were not suitable for secondary infection, the disease was nob carried to the 
experimental crop on the farm. 

(5) In this connection reference may be made to another small trial made on 
a zamindar's field. In this case diseased seed was sown on a half acre plob. The 
crop was found to be affected to the extent of 5*7 per cent. 

(c) The results of experiments reported above undoubtedly show that soil 
does not harbour the disease and that the seed is the exclusive source of the 
disease in the primary stages. To further confirm this, a great deal of diseased 
parts of gram plants was buried in a portion of a field at the farm at a depth of 
about 3 in. in April, 1931, soon after harvest. The plot was left fallow until 
the next sowing season of the crop. The object was to add a big dose of infected 
material to the soil and give an opportunity to the fungus for causing the disease 
in the crop raised on it. In October, 1931, healthy seed of gram type 7 w as sown 


duced was free from the disease. This show r s that no effect of the diseased crop was 
left in the soil from the previous year. 

Pot experiments —{a) Fifty earthen pots were filled with soil obtained from a 
field at Gampbellpur. in which gram-blight had appeared in a severe form in March, 
1930. If any infection remains in the soil it must have been present in the soil 
put into the pots. Healthy gram type No. 7 was sow r n in these pots. There vrere 
4 plants in each pot. They were carefully examined periodically throughout the 
season. There was no sign of the disease on any of them. 

(h) A second set of pot experiments was carried out similarly by using Lyall- 
pur soil and seed from diseased crop, obtained from Rawalpindi. The soil used 
was taken from a field where no gram was ever grown. In this case almost all 
the plants weie attacked by the disease. 

These two pot experiments corroborate the results of the field experiments. 
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there. In March, 1932, when the disease broke out all over zamindars’ gram 
fields in the vicinity, the crop remained free from the disease. Subsequently 
towards the end of the season there were some traces of the disease noticeable on 
the terminal shoots. This slight attack had been caused by secondary infection. 
There were wheat fields around this crop that worked as barriers and somewhat 
prevented the spores from reaching this plot though not completely. The experi- 
ment, however, conclusively, like other experiments described above, shows that 
soil plays no part in the carrying of the disease to the next season. No doubt 
usually considerable amount of diseased material consisting of branches, leaflets, 
and pods bearing the fungus is added to the fields from the crop, but it appears 
certain that during the heat of intense summer extending over 6 months, i.e n 
April to September, the fungus cannot remain alive. Its spores and hyphae are 
killed and do not seem to over-summer to cause the disease. 

Suggestions for control oe the disease. 

Experiments reported in the paper clearly indicate that seed harbours the 
fungus and the disease is produced by the use of infected seed for sowing purpo- 
ses. The soil, as inferred from, the experiments so far carried out, is not respon- 
sible for causing the disease. Therefore for control of the disease, seed from 
localities where the disease is prevalent should not be sown. Seed should be ob- 
tained from those places where the disease does not occur. In view of the fact 
that secondary infection brings about a large percentage of the disease, the pre- 
sence of any crop raised from diseased seed in the vicinity of that produced from 
healthy seed would be dangerous as it would provide a source of infection. Conse- 
quently it seems necessary that the seed of localities where the disease is preva- 
lent should be altogether replaced by healthy seed so that a diseased-free crop is 
raised en bloc . 

Systematic position . 

The systematic position of the gram-blight fungus and Phylloslicia rabiei (Pass) 
Trotter according to F. L. Stevens, vide his book ^ The fungi which cause plant 
disease ” (pages 479-81), would be as follows 

Fungi Imperfecti, Grder=Sphaeropsidales, Family =Sphaerioidaceae, Section = 
Amerosporae, Sub-seetion=Hyalosporae, Genus ==Phyllosti eta. 

But in this connection the writers have further to remark as below : — 

The specimens of Phyllosticta rabiei (Pass) Trotter on gram plants received 
from Professor Trotter as well as the plants inoculated from cultures of the fungus 
obtained from Schimmelcultures, Baarn, Holland clearly bear lesions of the disease 
on all parts, branches, leaflets and pods. In this respect the character of the 
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fungus differs from the description of the Phyllosticta genus as given by F. L. 
Stevens on page 484 of his book Fungi that cause plant disease ” where he states 
that it is foliicolous. If this character is strictly observed, the fungus on gram as 
investigated by the authors as well as that of Professor Trotter cannot be placed 
under Phyllosticta. One would be inclined to call it an Ascochyta which attacks ail 
parts of an affected plant, but in view of the fact that the local gram fungus de- 
scribed in the paper has continuous or single-celled spores, it must be different from 
Ascochyta. The situation is that the gram-blight fungus shares the characters of 
both Phyllosticta and Ascochyta. Its exact systematic position has, therefore, to 
be finally settled. In this connection one’s attention is bound to be directed to a 
third genus namely Phoma that might also be considered for defining the exact 
nomenclature of the fungus. Spores of Phoma are single-celled and are below 15 
microns in length, but it does not attack leaves. On account of these differences, 
although minor, between the gram-blight fungus and the other genera referred to, 
its position requires to be cleared. 

It might be mentioned that cultural studies, which the authors have been 
carrying on, have shown that the gram-blight fungus as it occurs in North Punjab 
consists of a large number of physiological forms. About a dozen distinct strains 
have been isolated. 

Some of the work reported in the paper was started by late Dr. Kripa Earn 
Mohendra, Ph.D,, Mycologist, Punjab, but it was interrupted by his untimely 
and sad death on 13th October, 1930. 

Further work on the investigation on the grain-blight disease is in progress. 


Summary. 


1* The gram-blight disease has been found to cause serious damage to the gram 
crop in the North Punjab. A fungus isolated from the diseased gram plants has 
been studied, in regard to its morphological and cultural characters. It has also 
been compared with Phyllosticta rabiei (Pass) Trotter. 

2. Symptoms of the disease as it occurs on branches, leaflets, pods and seeds 
are described. 

3. The local gram-blight fungus and Phyllosticta rabid (Pass) Trotter have been 
found to be identical. 

L Germination studies show that the spores germinate after 8 hours in gram 
seed and leaf extracts. Within 16 hours about 95 per cent, of the pycnospores 
complete their germination. 

5. Inoculation experiments with gram-blight and Phyllosticta rabid (Pass) 
Trotter have been made on plants grown in pots. The disease appeared on ail the 




Plate XL1X . 

Fig. l.—k branch of grain plant {Cicer arietinum) affected Tritt gram-blight, showing (a) 

diseased spots. 

Fig. 2 .— Pods showing (5) pyenidia concentrically arranged. 

Fig. 3 . — A portion of stalk showing a lesion bearing ( b ) pyenidia. 

Fig. 4 . — A pod magnified 4 times showing (6) pyenidia. 

Fig. 5 . — A leaflet showing (6) pyenidia concentrically arranged. 

Plate L 
Fig. 1. 


Fig. 1.— Pyenidia of gram-blight on gram leaves showing round ostioles and peridia of polygo- 
nal cells x 115. 

Fig. £• — Unicellular pycnospores of gram-blight on gram leaves X 500, 

Fig. 3 .~ Pyenidia of Phyllosticta rabiei (Pass) Trotter on gram leaves showing round ostioles 
and peridia of polygonal cells X 115. 

Fig. 4 . — Unicellular pycnospores of Phyllosticta rabiei (Pass) Trotter on gram leaves x 500. 
Plate LI. 
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inoculated plants after 4 days. These experiments establish that Phyllosticta robust 

is a cause of the gram disease in the North Punjab. 

6. Spots of the disease are commonly found on the surface of the seeds. Sec- 
tions of the testa and cotyledons have shown byphae of the fungus in abundance. 

7. Observations and experiments have shown that the disease is seed-borne. 
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Explanation oe Plates. 


Fig . A— 4 weeks old culture of local gram-blight on oatmeal agar. 

Fig. £.—*4 weeks old culture of Phyllosticta rabiei (Pass) Trotter on oatmeal agar. 
Fig. 3 . — 15 days old culture of local gram-blight on Richards’ agar. 

Fig* 4 . — 15 days old culture of Phyllosticta rabiei (Pass) Trotter on Richards’ agar. 
Fig. 5.— *30 days old culture of local gram-blight on gram-meal agar. 

Fig. 6 . — 30 days old culture of Phyllosticta rabiei (Pass) Trotter on gram-meal agar. 
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Plate LI I 

Fig. L-A Pyenidium of local gram-blight in culture on oatmeal agar, showing a round 
ostiole, a peridium of polygonal cells and suiTOunded and traversed by dark septate 
hyphae X 115. 

Fig. 2. — Unicellular pycnospores of local gram-blight in culture on oatmeal agar x 50(1 

Fig. 3 , — Pycnidia of Phyllosticta robin (Pass) Trotter on oatmeal agar with peridia of 
polygonal cells and surrounded and traversed by dark, septate hyphae x 115, 

Jjig. 4. — Unicellular pycnospores of Phyllosticta rahiei (Pass) Trotter in culture on oatmeal 
agar x 500. 

Plate LIU — Photographs showing 

Fig. L— Potted gram plants killed by local gram-blight fungus after inoculation ; control 
plants. 

Fig. 2.— Control plants. 

Fig. 3 . — Potted gram plants killed by Phyllosticta rahiei (Pass) Trotter, after inoculation. 

Fig . 4.— Gram seeds from a crop affected by local gram-blight in March, 1932. 

Fig. 5*— Gram seeds from a healthy crop. 
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In recent years several methods of mechanical analysis have been developed to 
suit a large variety of soils but none of them are yet known to suit lateritic soils 
[Keen, 1931]. The value of mechanical analysis as an aid to the description and 
classification of soils have been fully discussed elsewhere [Olmstead, Alexander and 
Middleton, 1930; Rep. A. E. A., 1926]. The importance of finding a method for 
lateritic soils is therefore obvious specially for India where there are vast tracts of 
culturable land belonging to this type. The present investigation was therefore 
undertaken to test the suitability of some of the existing methods to laterites and 
to suggest modifications if necessary. 

Of the existing methods, the one known as the International A method which 
has practically the same essential features as the revised British Official method 
[1928], has been adopted very widely. The dispersion of soil in this method is 
effected by a preliminary treatment with hydrogen peroxide to remove organic 
matter, followed by an acid treatment to destroy carbonates and finally by shaking 
a suspension of the treated soil made alkaline by ammonia. Since tropical soils 
contain generally little organic matter, the peroxide treatment was found unneces- 
sary for such soils [Charlton, 1927 ; Puri and Bhailal, 1928], Objection to the acid 
treatment has also been raised by Mattson [1927], and by Puri [1929] who advocates 
the use of NaCl in place of HC1, the final dispersion being made with a little NaOH. 
Similarly Joseph [1929] obtained the best result with heavy Sudan soils by using 
Na 2 C0 3 as the dispersing agent without the previous acid treatment.* The clay in 
the soil in either method is thus converted into sodium clay which both these workers 
claim and rightly so, [Mattson, 1927] to be more easily dispersible than ammonium 
clay. Accordingly the International method was revised by Robinson [1931] who 
employed NaOH in place of ammonia. 

* With certain Sudan soils which were found difficult to disperse a preliminary- leaching with HC1 
proved satisfactory. 
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As regards the division of soil into fractions the Atfcerburg scale has now been 
universally adopted, which is as follows : — 

Coarse sand 2*0 mm. to 0*2 mm. Fine sand 0*2 mm. to 0*02 mm. 

Silt 0 02 mm. to 0*002 mm. and clay below 0*002 mm. 

This scale in grouping the fractions was also adopted in this laboratory. 

In the International and the Puri methods the pipette technique is employed 
to obtain the silt and clay fractions. In Joseph's method, which will be termed in 
this paper as the Sudan method, sedimentation is employed for the extraction of 
clay and silt. The pipette technique is not favoured because there may be soils 
which like the Sudan soils may refuse to disperse completely at one operation, 
whereas the repeated treatments involved in the sedimentation process further 
disperse soil particles not fully dispersed in the first operation. But the principal 
objection to analysis by sedimentation is that it takes considerable time to be 
completed, so that unless it is found absolutely necessary the rapid pipette 
technique should be adopted wherever possible. 

It has been stated above that the acid treatment in the International method 
is included mainly for the purpose of destroying such cementing materials as 
calcium carbonate, etc. Laterites contain little or no calcium carbonate and little 
exchangeable bases (Table I). The acid treatment therefore appears to be 
superfluous for such soils. Accordingly it was proposed to test the dispersion by 
shaking the soil with NaOH directly. In this method which will be termed direct 
NaOH method, 20 grms. of soil were taken in a two-litre narrow mouth bottle to 
which were added 4 e. c. of normal NaOH and 500 c. c. water. The mixture was 
then shaken in an end-over-end-shaker for 24 hours revolving at about 40 revolu- 
tions per minute. It was then diluted to tw o litres and the usual pipette technique 
followed for the estimation of clay and silt. 

In all, therefore, the following four methods were tried at first which briefly 
stated were as follows : — 

(1) International method (HCl-NaOH) — pipette technique. 

(2) Puri method (NaCI-NaOK) — „ y. 

(3) Direct NaOH method (NaOH)— ,, 

(4) Sudan method (Na 2 C0 3 ) — Sedimentation procedure. 

There are of course a number of other methods of mechanical analysis, but it 

was expected that the above four methods would suffice to bring out the behaviour 
of lateritic soils and enable further modification in those methods to be made if 
necessary. 

Soil samples. 

At our request the Provincial Agricultural Departments sent us samp les of 
lateritic soils which they considered typical of their respective provinces. From 
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amongst these, 18 samples were chosen to represent the whole lot and the results of 
their analysis are reported in this paper. These samples were all passed through 
2 mm. sieve. In Table I below are given the locality from which these samples 
were collected, their colour, loss on ignition, organic matter determined by the 
wet oxidation method [A. 0. A. 0. 1925 ; Read and Reddgell, 1922], carbonate 
content by Collin’s calcimeter, total exchangeable bases by electro-filtration, pH 
values by H-electrode, etc. , from which it will be found that Indian laterites 
generally contain little organic matter, and are extremely poor in lime content and 
exchangeable bases. 

Table I. 

Showing organic matter, lime content, exchangeable, bases, pH, etc in Indian laterites. 


Soil 

No. 

Lab. 

No. 

Soil from 

Colour 

Organic 
matter 
per cent. 

Loss on 
ignition 
. per cent. 

Moisture 
in air-drj 
soil 

’ per cent, 

Carbo- 
r nate as 
CaC0 3 
. per cent, 

Total ex- 
changeable 
bases in 
milli-equiv, 
per 100 
‘ grms. air- 
dry soil 

pH 

~T 

34 

Calicut, Madras , 

Red 

1*9 

16*5 

4*0 

trace 

1*4 

5*1 

2 

58 

Kumaia, Bombay. 

Red . ■ ♦ 

2*4 

14*8 

5*6 

nil 

5*7 

6*0 

3 

64 

Tenasserim, Burma 

Dark brown 

4*1 

10*8 

30 

mil 

2*0 

5*7 

4 

74 

BUubaueswar, Oris- 
sa* 

Light yellow with 
a tinge of 
brown 

0*9 

5*8 

2*6 

nil 

4*5 

5*5 

5 

24 

Raipur, C. P. 

Red 

1*1 

9*7 

1*9 

0-034 

3*9 

6*6 

6 

30 

Teliparamba, Ma- 
dras. 

Dark brown 

10-2 

26*9 

6*3 

trace 

2*7 

5*4 

7 

80 I 

Satgaon, Assam . 

Light red 

1*8 

11*9 

4*2 

trace j 

0*6 

5*0 

8 

1 

Giridib, Bihar 

Deep red . 

# 

5*6 

2*9 

1 trace 

4*6 

7*2 

9 

6 

Giridih, Bihar 

Red 


5*9 

3*3 

nil 

1*7 

i 3.7 

10 

11 

Deoghar, Bihar , 

Yellowish hrown 


5*5 

2*0 

nil 

3*3 

6*7 

11 

15 

Deoghar, Bihar * 

Red 

0*4 

7*4 

2*9 

trace 

2*5 

6*8 

12 

98 

North Haji Dacca 
Farm. 

Light yellow with 
tinge of brown 

1*3 

5*2 

1*8 

nil 

1*7 

5*6 

13 

300 

Khoskhana Dacca 
Farm. 

Ditto 

1*9 

7*8 

2*8 

nil 

1*7 

5*0 

U 

26 

Guntur, Madras . 

Deep red . 


3*8 

1*4 

trace 

4*2 

7*7 

15 

20 

Insein, Burma 

Light red 


4*0 

1*0 

trace 

1*3 

5*3 

16 

38 

Bankura, Bengal . 

Do. 

0*3 

4*7 

1*5 

nil 

3T 

6*4 

17 

44 

Birbhum, Bengal . 

Light yellow wish 
tinge of hrown 

* * ; 

2*8 

1*1 

nil 

2*7 

6*1 

18 1 

53 I 

Midnapore, Bengal 

Ditto . I 


2*8 

1*0 1 

nil 

2*6 1 

6*3 


* Organic matter was not determined in this and other soils where the percentage loss on ignition was 
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Experimental results ani> discussion. 

In Table II below are given the percentages of clay and clay + silt, obtained 
by the four methods of mechanical analysis as stated above, in the 18 soils under 
investigation. 

Table IL 

Percentage day and day + silt in air-dry soil . 


Clay per cent. Olay -f silt per cent. 



Clay per cent. 

Soil 

No. 

Interna- 

tional 

method 

(HOl- 

NaOH) 

Puri 

method 

(NaCl- 

NaOH) 

Direct 

NaOH 

method 

Sudan 

method 

(Na 2 C0 3 ) 

1 

43*8 

9-0 

43*5 

44*2 

2 

43*6 

16*3 

43*4 

43*8 

3 

19*5 

5*7 

19*2 

19*9 

4 

17*2 

12*6 

16*3 

17*1 

5 

17*1 

10*4 

16*6 

14*9 

6 

41*9 

6-4 

41*2 

42*6 

7 

27*3 

15*0 

27-9 


8 

21*2 

21*8 

22*1 

20-5 

9 

30*3 

29*9 

31*7 

31*3 

10 

21*1 

21*3 

21*4 

22*3 

11 

29*2 

31*1 

31*1 

30*3 

12 

18*4 

18*8 

17*7 

17*2 

13 

25*3 

25*4 

25*6 

24*2 

14 

j 12-0 

12*8 

11*1 


15 

12*6 

10*7 

10*8 

O W :■ 

16 

19*0 

17 7 

17*7 


17 

9*2 

10*1 

9*6 


18 

10*5 

10*3 

10*0 



Interna- 

tional 

method 

(HOI-' 

NaOH) 


method Direct Sudan 

NaOH method 

NaCH) method (Na*CO,) 


It is evident from the above table 
Sudan methods gave almost equal 


that the International, direct NaOH and the 
results. Consequently for lateritic soils, which 
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c ontain little or no calcium carbonate and very little exchangeable bases (Table I), 
there is no obvious gain by introducing the HC1 treatment as in the International 
method, or by following the sedimentation process as in the Sudan method. On 
the other hand, the fact that almost equal amounts of clay were obtained !>y 
different methods, shows that the dispersion in every case was almost complete or 
at any rate reproducible. 

Puri method, however, failed to disperse the first seven soils adequately al- 
though it gave results as good as those obtained by other methods for the remaining 
soils. The dispersion in the International and the direct NaOH method was 
effected by 24 hours' shaking of the soil suspension, made alkaline by 4 c. c. of 
normal NaOH solution, whereas in the Puri method the suspension was made just 
alkaline to phenolphthalein (about 1 c. c. of N NaOH was required) and then left 
for 5 to 6 hours with occasional hand-shaking. In order to see, therefore, whether 
dispersion by Puri method, improved by employing the mechanical shaking and 
also by using a larger quantity of alkali, four soils 1, 2, 3 and 6 selected and disper- 
sion treatments as stated in Table III below were tried. 


Table III. 

Percentage day and day + silt obtained hy e mploying different dispersion treatment, 


Puri method 
suspension 
shaken 
for 24 hrs. 
with 

4 c.e. NNaOH 


Interna- 
tional 
method 
using 4 e.c. 
NNaOH 

Direct NaOH 
method 
using 4 c.e. 

N NaOH 

Puri 

method, 

suspension 

just 

alkaline 

Puri method 
suspension 
shaken 

24 hrs. after 
making 
just 
alkaline 

Direct 
shaking of, 
suspension 
f of 24 hrs. 
after making 
just 

alkaline 

43'$ 

43*5 

Oiay per cent. 

9-0 1 22-7 

26*1 

43*6 | 

43*4 

16*3 

31*8 

25*7 

19*5 

19*2 

5*7 

1 2*2 

11*3 

41*9 

41*2 

6*4 

26*3 

28*0 

57 *5 

57-6 

Clay -f silt per cent. 

17*5 1 54*4 

50*4 

65*1 

66*3 

31*4 

64*9 

60*7 

27*3 

28-8 

16*2 

25*5 

24*6 

66*9 

■■ ■ I 

64*8 

14*8 

55-4 

52*8 


Percentage clay* 



MECHANICAL ANALYSIS OF IATERITIC SOILS 


the soil suspension directly with that amount of alkali as has hcen used in the 
Puri method without the NaCI treatment (column 8). But when 4 c.c. N NaOH 
and 24 hours" shaking are employed in the Puri method, the amount of clay 
thus obtained is practically equal to that given by the International or the direct 
NaOH method. It is clear, therefore, that the incomplete dispersion of some 
of the lateritic soils obtained by following the Puri method as shown in Table II 
is obviously due to insufficient quantity of NaOH used and the lack of mechanical 
shaking. When these are rectified the Puri method is as good as the International 
method. 


PH of suspension. 

Pig. 1. — Showing the dispersion of soil in aqueous suspensions of varying pH, 
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It appears from above that dispersion is considerably affected by the quantity 
of NaOH used. Attempt was therefore made to find out the amount of alkali 
which would effect complete dispersion without being too drastic for lateritic soils. 
For this purpose suspension of 20 grms. lots of soils 1, 3, and 12 were shaken with 
1 2 4 6 and 8 c.c. of N NaOH solution for 24 hours and the clay determined. 
The 1 pH of the suspensions was measured with hydrogen electrode. In Fig. 1 
the clay figures are plotted against the pH of the suspensions from which it will be 
found that the former practically reached the maximum value at pH. 10-10*5. We 
have also found that the amount of soil material other than organic matter in 
solutions having pH upto 10*5 does not exceed 0*6 per cent. Consequently 
we consider that the quantity of NaOH to be used for dispersion should be such 
that the resulting reaction of the suspension does not differ much from pH 10*5. 
Some 6 to 8 c.c. of N NaOH to 20 gms. soil will be found suitable for this purpose 
with Indian laterites. 

Use of H 2 Q 2 in the mechanical analysis of lateritic soils. 

Table IV. 

Percentage of clay obtained by the same quantity of alkali before and after Hf). 2 

treatment. 


Soil 

No. 

Organic matter 
per cent. 

| International 
| method HOI — 
NaOH 8 c.c. 

N NaOH 

Direct NaOH 
method 8 c.c. 

N NaOH 

International 
method H 2 0 2 
HOI — NaOH 

S c.c. N NaOH 

Direct NaOH 
method H 2 O a -— 
NaOH 8 c.c. 

N NaOH 

2 

2*4 

45*5 

44*9 

46*2 

45*5 


4*1 

21*9 

21*5 

18*4 

18*9 

tS 

6 

10*2 

45*7 

43*5 

48*1 

46*9 




clay figures for the soil Nos. 2 and 6 and lower clay figure for the soil No. 3 
were obtained by both the International and the direct NaOH method. It should 
be mentioned that, as a result of the H 2 0 2 treatment, the percentage of clay 
for all the above soils was reduced by amounts equal to : (1) percentage loss of clay 
by solution due to H 2 0 2 — 0*2 per cent., 1*6 per cent, and 3*1 per cent, for soils 
2, 3, and 6 respectively— and (2) percentage loss of organic matter— 0*7 per cent., 
2*5 per cent., and 4*7 per cent, for soils 2, 3 and 6 respectively— which otherwise 
would have remained in solution due to the alkali and been added, although 
improperly, to the clay figure. Obviously, therefore, in the case of soil Nos. 2 and 6, 
improvement in dispersion due to the use of H 2 0 2 has more than counterbalanced 
the losses mentioned above, while in the case of soil No. 3 this has not been so. 

Although it appears from the above, that a considerable amount of organic 
matter comes in solution in the direct NaOH method, nevertheless it has been 
found that this amount does not exceed 0*5 per cent, in case of soils containing 
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| organic matter 2 per cent, or less. Consequently the direct NaOH method 

| may be employed for mechanical analysis of Indian iateritic soils which generally 

contain less than 2 per cent, organic matter (Table I). For soils with higher 

percentages of organic matter hydrogen peroxide treatment should he included 
f. ' m the method. 

t Short description op the direct NaOH method. 

Twenty gims. of Iateritic soil are shaken with 500 c.c. of water and 6 or 8 c.e. of 

( A Na0H solution ( so that ti)e suspension has a pH about lOffi) for 24 hours 

in an end-over-end shaker. The suspension is then passed through a 0'2 m. m. 
sieve (standard 70 mesh I. M. M.) and made up to 2 litres. Clay and silt 
are estimated by employing pipette technique, and fine sand by sedimentation 
| [1928]. For soils containing more than 2 per cent, organic matter, hydrogen 

j peroxide treatment should precede the shaking with alkali. In this case, however, 

the loss by solution of sesquioxide, etc., should be determined, by igniting the preci- 
pitate obtained by addition of ammonia in the filtrate after the peroxide°treatment, 

\ and added to the clay figure.* 

General remarks. 

The results of the present investigation show that contrary to the statements 
mentioned elsewhere [Keen, 1931 ; Rep. A. E. A., 1928 ; Robinson, 1931], Iateritic 
' soils offer little difficulty for mechanical analysis. It is believed that these 

f statements were made from « priori reasoning since no data of mechanical analysis 

f ' wefe availabIe at tJiat time for type of soil which was known to possess 

| a highly granulated structure. The few different methods of analysis that were 

! tried here on Indian laterites gave the same amount of clay, that is to sav. 

the dispersion in every case was complete or at any rate reproducible. Amongst 
these methods the direct NaOR method, a short description of which is given 
above, has been found to he the most simple and the least time-consuming, and 
is therefore likely to prove very suitable for the mechanical analysis of Indian 
! laterites where complete dispersion is aimed at. 

_ Summary. 

1. The following methods of mechanical analysis were tried on 18 samples 
j of Iateritic soils from all parts of India — 

f (i) International method without the peroxide treatment— HCl-NaOH. 

I (ii) Puri method — HaCl-NaOH. 

| (iii) Sudan method— Na 2 C0 3 . 

I Since these Iateritic soils were found to contain very little calcium carbonate 

! and exchangeable bases 

' ^Should the clay complex contain a large amount of exchangeable calcium, the HC1 treatment 

l should be included in order to avoid the flocculating effect of the calcium hydroxide produced by the 

1 addition of alkali, go far as the Indian laterites are concerned, the HOI treatment has been found 

l unnecessary. 


u 
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i direct NaOH method was tried in which the soil was shaken directly 
with NaOH without the previous HC1 or NaCI treatment as in 
(i) or (ii) above. 

International, Sudan and direct NaOH methods gave almost equal 

Puri method, however, gave a lower clay 
’ s. This was due to the insufficient quantity of alkali 
d lack of mechanical shaking in the method as prescribed 


2. The 

amounts of clay and silt in all cases, 
figure for some of the soils, 
used for dispersion, am_ 
by the author. 

3. Maximum dispersion of lateritie soils was found to take piace in suspensions 
having pH about 10'5. Consequently the quantity of NaOH to be used for 
dispersion should depend on this factor rather than on any arbitrary amount. 
In most cases 6 to 8 c.c. of N NaOH to 20 grms. of soil was found suitable for the 
purpose without being drastic. 

4. For lateritie soils containing more than 2 per cent, of organic matter 
it is desirable to include the peroxide treatment. 

8. The direct NaOH method is found to be reliable and less laborious for the 
mechanical analysis of lateritie soils. A brief description of the method is given. 
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DETERMINATION OF NITROGEN IN SOILS, I. 


A. SMNIVASAN, M.A.. 

Department of Biochemistry, Indian Institute of Science. Bangalore . 

(Received for publication on the 6th June 1982.) 

Although a very large part of modern agricultural research relates to the study 
of nitrogen transformations in soils, yet the conditions relating to the estimation 
of total nitrogen have not, so far. been standardised. The accuracy of the 
estimate of nitrogen present in a plot of land will be determined by (a) the method 
of collecting specimens of the soil, (b) the number of specimens per unit area, (c) 
the technique of sampling, (d) the size and number of specimens analysed, (e) the 
nature and composition of the soil, and (/) the method of analysis. The errors 
inherent to the methods of collection of specimens and sampling for analysis are too 
well-known to require repetition. Those relating to the size and number of speci- 
mens have also been recognised, particularly since the introduction of statistical 
methods in recent years. The effects of the nature and composition of the soil on 
the accuracy of the estimate of nitrogen have not, however, been, so far, fully 
understood. Nor are the methods of analysis sufficiently improved to warrant 
accurate estimates of the nitrogen contents of the specimens analysed. The 
Kjeldahl method, with its various modifications, is the one generally adopted for 
analysis, and although it is reliable for estimating nitrogen contents of easily de- 
composable organic substances, it is not, however, sufficiently accurate for detecting 
small changes in the nitrogen content of the soil 

Working with black cotton soils, Bal [1925] observed that the Kjeldahl method 
gave consistently low values for nitrogen when the soils were digested in the usual 
way, but that higher and more consistent figures could be obtained if the soils 
were moistened with water before digestion. He also noted that by treating the 
undigested residue with water, then retreating with concentrated acid and distill- 
ing the ammonia in the usual way, a iurther amount of nitrogen was recovered. 
This increase added to the amount originally found by the “dry ” method, was 
practically equal to the amount of nitrogen found in the soil when digested ori- 
ginally by the ie wet ” method. He attributed the incompleteness of the digestion 
in the case of ££ dry ” method to the existence of some cementing material, which 
does not dissolve in the concentrated acid, but does so in the dilute one. 
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In the course of his investigations on nitrogen transformations in swamp soils, 
the author encountered difficulties in obtaining accurate estimates of the total 
nitrogen contents of his specimens. An investigation was therefore undertaken 
with a view to study the exact conditions under which a complete digestion is 
ensured, and the present paper gives a preliminary account of certain observations 
indicating (a) some modifications that would help to improve the efficiency of diges- 
tion and yield more reliable and consistent values than would otherwise be pos- 
sible, and (b) the probable nature of the factors influencing the accuracy of the 
estimate of total nitrogen in a specimen of soil. 

Experimental. 

A specimen of fairly heavy clay soil from Tellicherry, in South India, was air-dried, 
ground and passed through a 30-mesh sieve. Samples (5 grms.) of the above were 
then digested and their nitrogen contents determined, by the Gunning and Hibbard 
modification of the Kjeldahl method [1925]. Back titrations of unused acid were 



carried out against N/30 alkali. 

With a view to test the efficacy of the addition of water and the effect of time of 
standing with water, varying amounts of ammonia-free water, followed by 20 c. c. 
of concentrated sulphuric acid in each case were added to similar quantities of soil, 
and the digestions conducted either immediately or after being allowed to stand 
overnight. In the latter case, the flasks were stoppered to avoid absorption of 
ammonia from the air. The results are presented in Table I. The average figures 
for replicate determinations are given along with the standard deviation in each 
case. 

Table I. 

Effect of moistening with varying amounts of water on the estimate of nitrogen 

present in a soil . 


Vol. of water 
added in c.e. 


Nitrogen as parts per million 


Untrea- 
ted Imm.* 0. N.t T ram , 
control 


Average value 966-8 980-4 1028*5 1005-0 1028*3 1023*3 1033*0 1049*0 1044*0 

Standard 

deviation ±18*1 4:39*7 4-7*8 4-301 4-9-2 J-UO _lq.* . 0.0 


Imm.— Digested immediately after moistening. 
O. N. — „ after standing overnight. 
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It would be seen from the above that not only higher, but also more consistent 
guies have been obtained by treating with increasing amounts of water up to 20 
C. c„ and that allowing the mixture to stand overnight before digestion generally 
' 1<>Wh * IU P r,n oment in the values : in the last case, however, there was some slight 
but not appreciable difference between the effects of immediate digestion and that 
after standing overnight. It was also noted that, with increasing addition of water 
up to 20 c. c., the digestion proceeded more smoothly and at a faster rate than in 
the untreated ones. That the digestion was more complete as the quantity of added 
water increased, was also manifest from the appearance of the residue left in the 
digestion-flask after repeated washing and decantation previous to distillation with 
alkali, for while in the untreated cases the residue was coarse, gritty and somewhat 
dark-coloured, it was fine, sandy and almost perfectly white in the treated ones. 

Increasing the volume of added water beyond 20 c. c. did not lead to any 
further increase in the corresponding values for nitrogen. Thus, with 30 c, c., the 
following values were obtained immediate, 1028 0 ; overnight, 1039-0. In view of 
the above and the fact that increasing volume of water would necessitate longer heat- 
ing to evaporate it prior to addition of salt mixture, the observations were not 
extended in that direction. 

BaTs observations having suggested that the cementing materials are soluble in 
dilute acid, some experiments were carried out to determine whether previous treat- 
ment- of the soil with dilute sulphuric acid of varying strengths would result in any 
further improvement. In all cases the digestions were carried out either immedi- 
ately, or after standing overnight, the necessary further amount of concentrated 

acid being added during the course of digestion after the fumes began to appear 
The mean values are set forth in Table II. 


Table II. 

Effect of preliminary treatment with dilute acid. 


Acid per cent, 
by weight 


18*5 

15*0 


Nitrogen as parts per million 


Immediate 


995*5 

1034*0 


Overnight 


994*0 

1023*0 




12*0 


1034-0 


1034*0 
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It will be observed from the above figures that the results are not so high as 
those obtained by some of the treatments described in the previous experiments. 
They suggest that the cementing materials, if any, are not, readily soluble in dilute 
acids of the strengths tried in the present experiment. 

.From the foregoing observations it would appear that the best method of obtain- 
ing an accurate estimate of the nitrogen content is to treat the soil (5 grins.) with 40 
c. c., of 1 : 1 sulphuric acid and conduct the digestion either immediately or after 
allowing the mixture to stand overnight. Whenever possible the latter procedure is to 
be preferred on account of the greater ease of digestion in that case. 

With a view to determine whether these conditions hold similarly with other 
soils as well, trials were carried out with four different specimens of soils. Table 
III gives a summary of the results obtained together with the standard error of 
the mean in each case. 

Table III. 


Nitrogen in different soils as compared by li wet ” and C( dry ” methods . Average 
values expressed as parts per million. 


Method 

1 Nasik 

dryland — 
surface 
soil 

! 

Dacca 
highland — 
surface 
soil 

Punjab 
rieeland — 
surface 
soil 

Mandalay 
rieeland — 
surface 
soil 

Standard 
error of 
the mean — 
p. p. m. 

Official, Gunning—Hibbard 

85S-5 

819-5 

944-0 

472*0 

• ±2-7 

Do. modified— moistened with 
20 c. c. water — imm. . 

880-5 

842-5 

985-0 

543*5 

±1“1 

Do. 20 c. c. water — 0. N. 

9GS-Q 

839-5 

988-0 

541-0 

±0-9 


It may be noted that the dry method gives consistently lower figures for all the 
soils experimented with. The difference between the effects of immediate “wet” 
digestion and that after standing overnight are not significant in some cases, but a 
critical study of the results would, however, show that even in such cases the latter 
treatment gives slightly more concordant results than the former. Moreover, as no 
definite information is yet available regarding the relation between the nature of 
the soil and the efficiency of its digestion by any one of the methods, it would be 
desirable to conduct all digestions after standing overnight. 

In view of the observations that all the specimens of soils experimented with, 
gave lower values by the official “ dry ” method, than by the “ wet ”, it appear- 
ed probable that certain substances common to all the soils may actually be respon- 
sible for the hindering of the proper digestion by the former method. Since the 
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oxides of silicon, iron and aluminium are present in all eases, it was considered 
probable that variations in the quantities of these substances may influence the 
accuracy of the estimate of nitrogen. Some experiments were accordingly carried 
out with the Tellicherrv soil used in the first experiment, to determine the effect of 
addition of the above-mentioned oxides (1 grm. in each case) on the results obtained 
by the two methods. The results are shown in Table IV. 


Table IV. 

Effect of addition of different oxides on nitrogen mines. 



Xitrogen as parts per million 

Treatment 

■ ■ 

. 

'Soil 

alone 

(control) 

Soil ~r 

Fe 2 0 3 

Soil + 

AL 0 3 

Soil -f 
Si0 2 

Standard 
error of the 
mean p. p. m. 

ee Dry s * digestion 

97G*9 

949-1 

954*8 

987*8 

-1-2*05 

“ Wet ” overnight 

104G*5 

' ' ; 

1039-0 

1055*0 

■ 

1041*0 

±2*84 


It may be seen that addition of oxides of either iron or aluminium causes a 
marked fall in the estimate of nitrogen by the “ dry ” method. Addition of silica 
does not seem to make any appreciable difference. It is probably owing to the fact 
that the differences in the nitrogen values as obtained by wet and dry digestions 
are least manifest in the case of sandy soils [Bal. loc. eit.]. 

The results obtained by the “wet ” digestion on thy other han d, are not 
appreciably affected by the addition of the oxides. It is very clear that iron and 
aluminium oxides do, in some way, obstruct the progress ol : the digestion by the 
“ dry ” method. Since all soils contain these two oxides, though to varying extents, 
it would* follow that the usual dry method is not adequate for obtaining 
accurate estimates of nitrogen contents of soils. The “ wet ” digestion is definitely 
an improvement on the older one and, in addition to giving higher values, also 
helps the digestion to proceed very much more smoothly and in less than half the 
time taken by the former. 

The foregoing observations are essentially preliminary and only indicate the 
nature of the difficulties to be encountered, while suggesting certain modifications 
that would help to yield higher and more consistent values. Further work is in 
progress to (a) determine the precise nature of the compounds that interfere with 
the progress of digestion, ( b ) investigate the effect of addition of other mineral 
oxides and n on-nitrogenous organic substances on the accuracy of the estimate of 
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nitrogen, and (c) standardise tie conditions of digestion so as to suit all types 
of soils. 

Summary. 

1. Es tima tes of total nitrogen obtained by tie usual dry digestion of soils with 
sulphuric acid are invariably lower than those obtained by digestion after wetting. 

2. Among the treatments so far tried the best would appear to be that of 
moistening at the rate of 20 c.c. of water for every 5 grms. of soil, then adding con- 


centrated acid (20 c.c.) and allowing the mixture to stand overnight prior to 
I 1 1 • digestion. 

■ j _ ' 3. Evidence has been obtained to suggest that the oxides of iron and aluminium 

' j which are present in all soils, are among the compounds that interfere with the 

progress of digestion by the usual method, hut further work is needed to elucidate 
' the nature of all the various non-nitrogenous compounds that are concerned in the 

; obstruction and to determine the mechanism of such action. 

4. Attempts are being made to throw light on the above and to standardise the 
conditions of estimation so as to ensure the true values being obtained for all types 
1 1 1 ' of soils. 

i The author’s thanks are due to Dr. V* Subrahmanyan for his interest in the 

■ h progress of the work. 
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BUD VARIATIONS IN 00. 213 SUGARCANE. 

BY 

R. THOMAS, 

Imperial Sugarcane Breeding Station, Coimbatore. 

(Received for publication on the 4th July 1932) 

(With Plates LIV— LVI). 

I. Introduction. 

The occurrence of vegetative, clonal or bud sports in the sugarcane has been 
known for a long time. One of the first definitely recorded instances is that by 
M. Louzier in Mauritius about the year 1869 which resulted in the establishment 
of a variety of that name in that island. Other well known instances of sporting 
in the cane are those of the “ Ribbon ” canes in Australia, the “ Tanna ” canes in 
Mauritius and the Tip canes in Hawaii. In such sporting a complete cycle is 
often obtained, a striped cane throwing out uni-coloured bud sports and these, in 
their turn, occasionally throwing out the original striped cane. In recent years 
sporting in certain P.O.J. canes has been recorded by Cross [19281 and Schultze 
[1930]. 

In India the earliest to definitely record and describe sporting in sugarcane 
was Barber [1906] who isolated from more than one striped cane at Samalkota a 
certain number of sports on the basis of colour. These were found to differ in 

other agricultural characters as well ; one of these under the name ‘ Gillman ’ a 

uni-coloured red sport from Striped Mauritius — figured in certain of the agricultural 
stations in India for a time. Similar sports have been reported from other agri- 
cultural stations also from time to time ; but none of these has definitely taken 
hold on cultivation as varieties superior to the extant kinds. 

With the discovery of the fertility of seeds in the sugarcane and the breeding 
of valuable seedling canes that followed from it, the exploitation of bud sporting as 
a means of evolving improved strains has, naturally, taken a secondary place. 
Recently, however, interest in this line of work has somewhat revived. It has 
been rightly argued that, though colour sporting is the one most easily noticed, 
such a phenomenon very likely connotes the possibility of sporting in such crop 
characters as juice quality, habit, growth vigour and. disease resistance. Of work 
of this nature in recent years mention needs to be made of the Hawaiian work by 
Shamel, Verret and Paris [1923] and by Moir [1932] and of work in Mauritius by 
Hill [1930], 
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The present paper embodies observations on a rather complete cycle of bud 
sporting in the Coimbatore cane, Co. 213. extending over a period of five years. 
My attention to sporting in this cane was first drawn by Noel Deerr in 1924. 
That year he sent for experimental growing at Coimbatore material which included 
caries resembling the purple sports described in this paper. 


f\ 

,V/i 

L. " J 


II. History op the sports. 

During the season 1926-27 a plot of Co. 213 happened to get planted on land 
not the most suitable for cane growing. Growth in this plot was consequently 
below the average for this cane at Coimbatore. One of the clumps, out of a total 
of sixty thus planted, showed on examination one rather poorly developed cane 
which was distinctly, though rather lightly, striped — reddish or brownish purple 
stripes on a background of straw yellow'. The other canes in the clump and in the 
row' were coloured like Co. 213 at Coimbatore, viz., uni-coloured reddish or brownish 
purple. After ruling out possibility of mixture by a careful dissection of the 
clump, this cane was cut into one-budded setts and planted in good sugarcane soil 
in April 1928, yielding a row of six plants. During the crop season 1928-29, it 
was noticed that the row of plants of this new sport looked different from the 
plot of Co. 213 planted alongside of it ; the growth was poorer and the leaves 
shorter and narrower with more erect leaf tips. This appearance intensified interest 
in the sport and led to a careful examination of all the six clumps. This examina- 
tion was rewarded by the discovery of one clump which showed the undermention- 
ed canes : — 

(a) Nine striped canes similar to the ones originally planted. This will 

hereafter he called in this paper “ Striped Sport ". 

(b) One cane which in colour and thickness was very similar to the original 

Co. 213, to he called hereafter “ Thick Purple Sport ”. 

(c) Two canes coloured like Co. 213 but with distinctly thinner canes and 

shorter narrower leaves, to be called hereafter “ Thin Purple Sport 

(d) Two canes very similar to the Thin Purple Sport but wax-yellow in 

colour, to be called hereafter “ Thin Yellow Sport 
hour different bud variations had thus been obtained from Co. 213. 

All the four sports, with the original Co. 213 for comparison, were grown for 
a couple of seasons-] 929-30 and 1930-31-in adjoining rows ; and it was found 
that all the sports grew true to type except for the fact that, whereas the Thin 
Yellow Sport lost steadily in vigour at each planting, the others— particularly the 
Thin Purple Sport-gamed in this respect. It was unfortunate that weights were 
not recorded at the time ; the scientific interest of the sports was not fully realised 

then. During the 1931-32 season, however, all the four sports were grown in fair 
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quantities — four twenty-plant rows of each and repeated three times — and careful 
i notes recorded on their characters. 

III. Description or the sports. 

{a) Growth vigour. — The first character to be noticed was the markedly poor 
vigour of the Thin Yellow Sport as compared with the rest (PL LV). The Striped 
Sport was a little inferior in this respect to the other two which were about 
equal to each other and to the original Co. 213. This difference was noticed in 
all the three plots and is evident from the weights recorded (Table I). 

1 (6) Lamina . — The Thin Yellow Sport had the shortest and narrowest leaves 

The leaves of the Striped Sport were shorter and narrower than those of the other 
two -which again were similar to the original Co. 213 (Table I). 

The leaf tips were erect in the Thin Yellow Sport and the Striped Sport , the 
other two sports being nearer to Co. 213 in this respect (PI. LV). 

(e) Juice quality. — Analysed at the end of one year from planting, the Thin 
Yellow Sport was found to have the poorest juice (Table II). 

(d) Root — system. — Root dissections w T ere made in all the three plots and of 
all the four rows in each plot. The root system of the Thin Yellow Sport was 
I again the poorest which explains the poor growth vigour of this sport. 


Table I. 


Weights and leaf measurements of the four u Sports ” from Co. 213. 


I 


— 

Average weight 
per row of 
above — grovnd 
portion 

Average weight 
per row of 
nullable canes 

Leaf 

length 

Leaf 

width 


lbs. 

lbs. 

ft. in. 

in. 

Co. 213 

152 

91 

4 7 

2*1 

Striped Spo it .... 

134 

87 

3 9 

' 1-4 

Thick Purple Sport 

154 

95 

4 6 

2*1 

Thin Purple Sport 

140 

94 

4 8 

2*1 

Thin Yellow Sport . . 

13 

3 

3 0 

1*1 


JSf.B . — The lengths and widths of leaves are the averages of 100 measurements* 

i 2 
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— 

j Brix 

Sucrose 

Glucose 

Coefficient 

of 

purity 


per cent. 

per cent. 

per cent. 


do. 213 

19-74 

17-48 j 

0*36 

88*5 

Striped Sport «... 

18-71 

16-07 

0*41 

85*9 

Thick Purple Sport , 

19*31 

17-15 

0*38 

88*8 

Thin Purple Sport 

19*55 

16-99 

0-56 

86-9 

. 

Thin Yellow Sport 

15*70 . j 

12*09 

ris 

77*0 


iPi UTHER CANES, 

Similar bud sports have been noticed in other canes as well and certain of 

these are mentioned below. am 0± 

The cane, Co. 290, which is a uni-coloured 1 glaucous green to greenish brown ' 

p7LXZ tad t0 tw 

called^ » 6 x T e ' fieMs round about Piiibbit “ the United Provinces a variety 
rv In vm tV ^ r ° Wn ^ nd is be i ieve< i by the cultivators to be a distinct varie 
atCoimb!! ^7 aS g t0 Coimbatore ' After about three years’ growth 
to Z2 £ :!T ^ ° btaiB f WWdb - -Nation, proved very Mar 
mi. . ’ tb ® 7 anet 7 so commonly grown in parts of the United Provinces 

This might explain the manner in which Reha was originallv obtained From 
the crop point of view Reha is inferior to Saretha. " 

In 1924 a yellow sport was obtained from the striped cane called " Parta Patti " 
and grown extensively in Mysore. In 1911 a similar yellow sport was oblted 

thHb a StnPe f Cane CaUed “ Namam ” S rown in the Coimbatore district Both 
^^° rtS PrWed “ - ** -e dropped tm 

V. Summary and conclusions. 

origfnZZ ^ ° ! £P ° rtS *“ lee " ° l “‘ iMd ftom Co - 313 ““s »«<* to tie 

” ““ 1 ^ degenerate bad 

t^ e importance of selecting proper 
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The Thick Purple Sport suggests the possibility of improving on this cane by 
bud selection. 

The poor vigour of the non-purple or Thin Yellow Sport as compared with that 
of the two purple sports is in agreement with a similar experience in the P.O.J. canes 
36 and 213 [Cross, 1928] 
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THE GREEN- PEACH-APHIS {MYZTJS PERSIC. AE SUEZ.) 

AND 

A NEW PYRALID MANGO DEFOLIATOR (OUT HAG A 

MANGIFERAE N. SP.) 

BY 

RAI BAHADUR C. S. M1SRA, B.A., 

First Assistant to the Imperial Entomologist , Imperial Institute, of Agricultural 

Research , Pusa. 

(Received for publication on the 2nd January 1932) 

(With Plates LVII —LIX and one text-fig.) 

The soil and the climatic conditions prevailing in the tract known as “ Suresha ” 
in Tirhoot in North Biliar are peculiarly favourable for fruit culture, and one 
who has lived long in the tract is struck with the ease with which fruit trees can 
he established in this area. The mango and the litchie grow to perfection in 
t his tract. The peach, though not indigenous, when introduced at Pusa in the 
early decade of the present century was found to adapt itself so well that good 
fruits were produced which found a ready sale locally. Everything looked favour- 
able for the extensive development of this particular fruit, when the fruit fly 
Chcetodacus zonatus Saund. appeared and did considerable damage to the fruit. 
The loss, by the fruit fly, was so great that, in subsequent years, the cultivation of 
the peach received a severe set back. When such was the condition, another 
serious pest, the Green Peach-aphis, Myzus persicae Sulzer, appeared suddenly in 
1930 in large numbers. By the middle of March 1930, the majority of fruit trees 
were overrun by the aphis in every stage of its development. It was for the first time 
that the aphis was seen in such large numbers on peach trees in North Bihar. It 
reproduces itself parthenogenetically and in consequence large numbers of nymphs, 
wingless and alate females (Pig. 1), were found swarming on the trees, specially the 
tender, apical shoots. The young ones on hatching crawl about and establish 
themselves either on the cauline leaves or the tender fruits. Numbers of nymphs 
were to be seen congregated below flower buds. The fall of honey dew on the 
lower leaves was so profuse that they appeared shiny from a distance and attracted 
a host of ants and wasps. The nymphs were particularly seen to move upwards 
and preferred to establish themselves on the petioles and midribs of the tender 
apical leaves. Here they developed rapidly and in consequence innumerable 


536 


r’ ■■■■ ’ 




green peach-aphis ( myzus persisa sulz.) 


537 


| 






exuvia were seen thickly scattered about on the leaves, which on account of the 
heavy drain of the sap became pitted and curled badly. The curling was more 
quick and lasting than any such phenomenon noticed in the past in the case of 
any other species of Aphidae infesting fruit trees or cultivated crops. The reason 
is that the nymphs drive their stylets deep through the epidermis and the cortex 
until they reach the phloem and in doing so inject saliva which is highly destruc- 
tive to the surrounding cells which get plasmolysed and collapse early (Plate LVII, 
figs. 1, 2). The leaves become seared and drop of! prematurely. The young setting 
fruits too cannot withstand the heavy drain. They shrivel up and drop down. In 
the majority of cases, where blossoming was in full swing before the advent of the 
Green Peach-aphis, there was hardly any setting of the fruit. Some of the heavily 
infested peach trees became so devitalized that they took a long time to recoup 
their lost vigour, and it was long after the rains before they put. on their leafy 
appearance again. 



Figure l. —Myzus persicae Sulzer. 

Alate viviparous female 

[ After Theobald. 

In this attack it was noticeable that, the aphis appeared suddenly, did the 
maximum amount of damage to fruits and trees, within the shortest time possible 
and disappeared, as suddenly as it had appeared, by the end of April, when the 
temperatu re rose suddenly high for a week or so. The infested trees drew myriads 
of Hover flies —Syrphus balteatus de Geer, and SphaeropJioria nigritarsis Brun. and 
lady-bird beetles, mostly Coccinella sex-pimotata Linn, to them, but none of these 
predators was able to effect any appreciable improvement in the condition of the 
infested trees. By the end of April both winged (Fig. 1) and wingless viviparous 
females were seen to leave the infested trees in large numbers— so precipitately that 



llw 

I h i 




Stelftr'M'P 

■ : . -Iff 




838 INDIAN JOURNAL OR AGRICULTURAL SCIENCE [ II, V. 

by the middle of May hardly any aphis was seen on the trees which a month before 
were teeming with millions of nymphs and adults. This aphis multiplies itself 
repidly at temperatures several degrees below that necessary to its insect enemies. 
A high temperature, with a corresponding low humidity has been observed, to 
favour development. Sometimes two species occur on the same tree ; the Green 
Peach-aphis and the Black Peach-aphis ; the former is exclusively arboreal, whilst 
the latter, sometimes attacks the roots of peach trees which in consequence turn 
pale and do not fruit well. 

The Green Peach-aphis is cosmopolitan in its distribution and polyphagous in 
its habits* It was first observed by Sulzer in 1761, who described it as AnTiis 
perstcae Sulz. [Sulzer, 1776]. It has been variously recorded in the 
eighteenth, nineteenth, and the present centuries as Aphis dianthi Schrank. It was 
also known as RJiopalosipJiiim dianthi Koch. and . Van der Goot has described 
it recently as Myzoides persicae Sulz. It is subject to great variations in colour 
according to the season and the numerous food plants, on which it has hitherto been 
found feeding. During the winter it prefers to remain on the cruciferae and to 
return to peach, plum and nectarine with the advent of the hot weather. In India 
it has hitherto been recorded from Lahore [Das, 1918], Bangalore [Theobald, 1923] 
and South India, mostly on peach, tobacco, cabbage, cauliflower, mustard, turnip, 
potato, tomato, radish, Sissoo (Dalbergia Sissoo), Dhatura (Datum stramonium ), 
nasturtium (Twpcsleum officinale), etc. It has also been reported from Japan, 
Australia, North America, South America, Africa, most of the European countries, 
Bermuda, Java, and Hawaii on a great variety of food plants and has been reported 
to be a carrier of potato mosaic [Smith, 1927] potato crinckle [Hughes. 1930]. 
tobacco mosaic [Smith, 1931], as an agent in virus transmission [Hogan, 1929], and 
as a possible vector of “ Breaking in tulip species [Hughes, 1930]. In a recent 
paper Smith [1931] has stated it to be a carrier of fourteen kinds of virus. 
As no critical study has been made of the pest under Indian climatic conditions, it 
is not possible to incriminate it as a carrier of any of the virus diseases. 

The infested trees were treated with crude oil emulsion at one pint to four 
gallons of water, rosin compound 1 in 5, tobacco decoction and tobacco dust, ground 
very fine. It was then found that the aphis was particularly susceptible to the 
action of nicotine preparations. Tbe effect of spraying with nicotine preparation 
was quick and effective, and as such it was used exclusively to deal with the sudden 
outbreak of the pest. Tobacco solution was made by soaking two pounds of 
strong, tobacco dust of the local Kauniya variety, easily procurable in the vicinity 
of Pusa, in four gallons of water for tweny-four hours, occasionally stirring the 
solution and then straining it through a muslin cloth, soft soap, at the rate of a 
pound to twenty gallons of the spray fluid, was added to increase the wetting 
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power of file spray fluid, and the result was that the infested trees were clear of 
the pest within twelve hours of the first application. The average cost of 
spraying ten medium sized peach trees was a little over an anna per tree. 

a. p. 

Insecticides ... ...... 6 8 

Labour ........... 40 

10 8 

In order that spraying with tobacco solution be effective it is necessary to 
spray the infested trees before the leaves begin to curl up, as once the nymphs and 
the adults have established themselves within the folded leaves it is not only diffi- 
cult, but expensive also, to dislodge them, and this could only be done with a 
force-pump which is costly. It was also noticed that the finer the tobacco dust 
the more effective it was against the wingless viviparous females and nymphs on 
the leaves and shoots of peach trees. 

This short note is intended to record the serious nature of the injury brought 
about by a pest which remained dormant in the locality previously, broke out sud- 
denly, did the maximum amount of damage to fruit trees in the minimum of time 
and disappeared as suddenly as it had appeared. In fact, the very presence of 
Myzus persicae Sulzer, was not recorded in North Bihar prior to its outbreak in 
1930. Its sudden appearance, however, corresponds more or less to that of Nepho - 
teitix bipunctatus Fabr. and Nephotettix apicalis Motsch. on paddy in the Central 
Provinces (full details of which have already been given in Memoirs Dept . Agric . 
India, Volume V, No. 5, May 1920, and Bull. No. 101 Agric. Res . Inst. Pusa , 1921) 
and Orthaga mam gif eras n. sp. which broke out last year, did considerable damage 
to the grafted mango trees in the neighbourhood of Pusa from August till Novem- 
ber 1931 (Plate LVIII, fig. 2). The caterpillars appeared in swarms, defoliated 
the trees and disappeared by the middle of November. They w r ere robust and 
mottled dusky-grey in appearance. Each caterpillar is 27 mm. long, greatest 
breadth over thorax 3*5 mm., pale, mottled fuscous, with a broad, chitinous head 
mottled with black, irregular, dark-grey fuscous lines. A pair of dark, fuscous 
longitudinal lines run dorsally from pronotum to anal end ; a broad, olivaceous 
longitudinal line dorso-medianally from mesonotum to anal end, with a pair of 
tubercles ending in brown setae, irrorated at base with black on either side of the 
medio- dorsal longitudinal line ; posterior end incurved with a number of brown, 
porrect setae. The full-fed caterpillars are plump and active. They feed gre- 
gariously on the tender top leaves which they web together. The infested tree soon 
becomes stripped of its foliage and is covered over densely with a net work of 
webs, within which the caterpillers pupate (Plate LVIII, fig. 1), 
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The adult moth Orlhaga mangifeme n. sp. is 30 mm. in expanse, with head and 
thorax brownish grey ; forewing suffused with brownish olive-green ; a black spot 
at base of cell, with dark-fuscous tufts of scales at end of cell ; a dentate, post 
medial dark line with whitish outer edge excurved from costa to vein 3 and then 
incurved ; a marginal series of dark specks ; celia greyish rufous. Hind wing 
fuscous brown with a slightly waved curved post-medial line. [Plate LIX, figs. 1-5] 
Full details of life-history are not known as reports regarding its outbreak 
were received late in the season. The pest is still under observation and a full 
account will be given hereafter when details of life-history and treatment have 
been fully worked out. 
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Explanation to plates. 

Plate LVII, Fig.] . Epidermal puncture by Myzus per sic ae in the neigh- 
bourhood of a vein. Tlie puncture traverses almost 
the entire diameter of leaf ; Xylem and phloem 
tapped. Traeheide filled with saliva , . X 800 

[ After Smith 

,, Fig. & . Epidermal puncture by Myzus persieae showing 
collapse of epidermal cells and destruction of cell 
contents . . X 650 

[ After Smith 
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Plate LYin, Fig. 1 . 

Top portion of three year old grafted man go tree 
damaged by Orthagn mangi ferae , n, sp. cater- 
pillars . . . . . < 

[ Original 

PV 9 

»» x w 

Full fed larva of Orthagt mangi ferae 


side view [ Original 

Plate LIX, Fig. 1 , 

Adult moth $ 

• 

X 6 

Pig. 2 o 

Adult moth $ side view of maxillary palpi 
antenna . ..... 

and 

much enlarged 

Fig. 3 . 

Pore and hind wings S ' 

• 

X 8 

Fig. 4 . 

Glandular lobe on costa of forewing $ 


much magnified. 

Fig. 5 . 

Retinaculum with j again $ * 

* 

much magnified. 
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WOODHOUSE MEMORIAL PRIZE, 1932. 

In memory of Mr. E. J. Woodhouse, Late Economic Botanist and Principal of 
Sabour Agricultural College who was killed in action in Prance in 1917, a prize in 
tbe form of a silver medal and books of a combined value of Bs. 85 will be awarded 
to the writer of the best essay on a subject of botanical interest to be selected from 
the list noted below. The length of the essay should not exceed 4,000 words. 

The competition is open to graduates of Indian Universities and to Diploma 
holders and Licentiates of recognised Agricultural Colleges in India who are not 
more than 80 years of age on the date of submission of their essays. 

Papers should be forwarded to the Director of Agriculture, Bihar and Orissa, 
Patna, before November 1st, 1932. 

Bailing papers of sufficient merit no award will be made. 

D. B. SETHI, 

Director of Agriculture , Bihar and Orissa. 


List of subjects for 1932 prize : — 

1. The economics of an agricultural holding in North Bihar, 

2. A scientific basis for the classification of the varieties of rice cultivated in 

India. 

3. Pactors governing yield of crops. 

4. The importance of root studies in crop improvement. 
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ORIGINAL ARTICLES 

LIFE-HISTORIES OF SOME INDIAN SYRPHIDAE 

BY 

H. L. BHATIA, M.Sc., 

Assistant to the Imperial Entomologist, Pusa, 

AND 

MOHAMMAD SHAFFI, 

, Fieldman to the Imperial Entomologist, Pusa. 

(Eeceived for publication on the 27th April 1932.) 

(With Plates LX-LXVIL) 

Intkodtjction 

The Syrphidae of India, as far as the adults are concerned, have been dealt 
with by Brunetti [1923]. Since then no attempt has been made to revise Ms work 
on the family. Taking Brunetti’s work as a basis for further investigations, such a 
revision is badly needed, for it will bring forth some very useful information and 
add many new genera and species to the list of those already described in the Fauna 
Volume. There is a great diversity of forms within tMs family and there is no 
family of insects which resembles bees and wasps so much as the Syrphidae. Like 
the adults the larvae of Syrphidae present different forms associated with different 
feeding habits. Some are of the ordinary maggot type, others possess a long tail 
which is three to four times the length of the body and on tMs account have been 
called rat-tailed larvae, and still others (microdon) possess such a peculiar combina- 
tion of characters as to have baffled the entomological workers so much as to have 
made them give to the larvae the rank of distinct species in the Phylum Mollusca. 

The economic status of the family is on the whole beneficial. There are some 
species the larvae of which have been known to cause some damage to the leaves 
and flowers of maize [Riley and Howard, 1888] in certain localities in America and 
* still others, e.g., Eumerus strigatus whose larvae destroy to a certain extent the 

bulbs of onion. Verrall [1901] mentions that Eumerus strigatus Fallen has been 
bred from the bulbs of common onion (Alhim cepa) of which they sometimes destroy 
the whole crop. The larvae occurred in July and pupated in the bulbs or in the 
% neighbouring earth ; sometimes bred from soft and rotten bulbs. These stray 

instances of damage done by the larvae of some species of SyrpMdae are nothing as 
compared to the immense good done by others the larvae of wMch prey upon the 
nymphs of Aphidae, Coccidae, Psyllidae and Aleyrodidae. The ravages of plant lice, 
scale insects and the white fly to the cultivated crops are too well known, both to 
the cultivator and the scientific worker, and therefore need not be mentioned here. 
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It seems that the good done by the larvae of the aphidophagous species of 
Syrphidae in reducing to a considerable extent the attack of plant lice has not been 
properly appreciated, for, had it been so, our knowledge of the immature stages of 
the species of these flies would not have been so incomplete. Excepting a plate 
illustrating the various stages in the life-history of Ischiodofi scutellcwis (Fabr.) in the 
Indian Insect Life [Bowlett, 1910 ] and some notes on Paragus senates (Eabr.) 
published in Pusa Bull Ho. 59 [Fletcher, 1916] there is no published record of the 
immature stages of any other species of Syrphidae feeding on Aphids. 

The present paper is the result of observations made on the various stages in 
the life-cycles of some aphidophagous species both in the field and the laboratory 
during the years 1931-32, and has been written with the intention of helping the 
scientific worker with some information which may be of some use to him in dis- 
tinguishing in the field the larvae of the various species dealt with in this paper. 

The life-histories of altogether eight species have been included in this paper, 
of which seven are those of the aphidophagous species and the eighth deals with the 
life-history of Helophihs bevy alert sis (Wied.). The life-histcry of each species is 
accompanied by a plate. Some of the drawings in the plates have been made by 
the senior author and hence are not artistic though in the matter of details they 
will not be found lacking. 

The identification of a species of insect by its larval characters is important and 
desirable, but it will be found that very little attention has been paid towards this 
side of entomology. An attempt would have been made to draw out a table for 
the identification of the aphidophagous species of Syrphidae by their larval charac- 
ters, had the material been enough. As such, it is hoped that the characters of the 
larvae of various species given here will be made use of by any future worker on 
this problem. 

The authors wish to acknowledge their sincere thanks to their chief, T. Bain- 
brigge Fletcher, Esq., R. N., F. L. S., F. E. S., F. Z. S., and P. V. Isaac, Esq., B. A.-, 
M. Sc., D. I. C., Second Entomologist (Dipterist), for the keen interest that they 
took in the work while it was in progress. To Mr. N. Sen, the artist of the Ento- 
mological Section, they are very grateful for most of the illustrations in the plates. 

The relation between the larvae of aphidophagous species op Syrphidae, 

THEIR HOSTS AND THE PLANTS ON WHICH THEY ARE ROUND 

There are many plants both wild and cultivated which are infested by one or 
more specis of aphids, and some are heavily attacked. Besides this there are in- 
sects belonging to other families such as Coecidae, Aleyrodidae, Psyllidae, Membra- 
cidae and Jassidae, the nymphal stages of which do appreciable damage by sucking 
the juices of the plants upon which they are found. Very often larvae of a single 
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species of Syrphidae or belonging to two or three distinct species will be found 
among the colonies of aphids on a plant. It is rare to come across a colony of 
aphids on a plant which does not possess in the midst of its individuals a Syrphid 
larva. I he Syrphid larvae prey upon the aphids very voraciously, so much so. that 
sometimes the plant is free from their attacks. The voraciousness of the Syrphid 
larva can not be questioned. A simple observation with a pocket lens in the field 
while the larvae are feeding, or in the laboratory when they are brought for exami- 
nation will prove this. It was observed in a four to five days old larva of Bacdm 
piddmfrons A list., which was found feeding on the nymphs of the Psyllid, Cteno- 
p pkalara elongate * Crawl, that it sucked a nymph of small size in less than a minute 

after which it attacked another bigger in size and sucked it in one minute and thirty 
seconds. The larva was then placed in a Petrie -dish with a leaf of Bomhax mala - 
haricim infested with the nymphs (both grown up and small) of Ctenophalara elm - 
gala Crawf. Only one hundred nymphs were allowed to remain on the leaf and the 
rest removed. The larva was examined after an hour and was found to have killed 
sixty nymphs. Similar observations were made on larvae of Paragiis serralus 
(Fabr.), Sphacrophoria javana (Wied.), and Syrphus balieatus (De Geer) and the 
results obtained were much the same as derived from the larva of Bacdm puldvri - 
from Aust, 

The larvae of the aphidophagous species of Syrphidae take in more food than is 
required for enabling them to pupate. This surplus amount of food is stored by 
them in the form of fat. The amount of fat stored by the larva is in proportion to 
the quantity of food available to the larva in the field. Thus the larvae possess 
sufficient powers to resist starvation. Two adult, larvae of Baccha puldmfrons 
Ausf . bred under laboratory conditions with ample food were found to resist starva- 
tion for a number of days, one dying nine days, and the other ten days, after they 
were subjected to these conditions. 

It is quite natural to presume that a close relationship exists between the life- 
cycle of a particular species of Syrphidae and that of the aphid upon which it preys. 
This statement was verified during field observations, when many times a single 
newly hatched Syrphid larva was found on the lower side of the leaf of the plant in 
association with very few aphids thus proving that the larvae of the aphidophagous 
species or Syrphidae make their appearence just at the time when the aphids begin 
i to form colonies. They complete their life -cycle while the aphids are on the plant 

and disappear with the disappearance of the aphids. Nature has therefore intro- 
duced enemies to check the prodigious production of the aphids and has saved the 
plants from destruction. 

The larvae of the aphidophagous species of Syrphidae are very voracious. 
A Syrphid larva devours within a period of one to two weeks of its existence a good 
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lot of aphids thus saving the plant from its worst enemy during the most critical 
period of its growth. Although the benefit derived by the plant may not in some 
eases be appreciable on account of the attack of the aphids being serious and the 
plant may show signs of withering, yet it may be borne in mind that the harm done 
by the aphids would have been incalculable if they would have been allowed to 
breed unchecked. If, as Eeaumour calculated and others have substantiated, one 
aphid may be the progenator of over 5,000,000,000 individuals during her existence 
of a month or six weeks, one can imagine how much benefit the plant derives from 
these natural enemies ol the aphids. 

The eggs of the aphidophagous species of Syrphidae are kid singly on the sur- 
face [of the leaves. The eggs are chalk white and can easily be recognized on the 
green surface of the leaf on which they are laid. They are seen laid during the day 
time when the flies are seen actively hovering over the plants, searching for suit- 
able places for laying eggs. Invariably a limited number of eggs are seen on a leal 
Usually one or two eggs or at the most five eggs have been observed on a leaf in- 
fested with aphids. An egg will be found very near a colony of aphids, so that on 
hatching it may not have to search for food which will be lying very close to it. It 

will be found that a distinct relation exists between the number of aphids and the 
number of Syrphid larvae that are to prey upon them on a plant. The interest of the 
plant is also concerned, for, if the aphids are in a relatively greater proportion to the 
Syrphid larvae, there is a danger of the plant being seriously damaged, and if they 
are in a lesser proportion, there is a danger of Syrphid larvae dying of starvation. 

A peculiar case of predatism was recorded while studying the life-history of 
Baccha pulchrifrons Aust. The egg of this species are laid in association with the 
nymphs of the Psyllid, Ctenophalara elongata Crawf., on the leaves of Bombax mala- 
baricum. On the same leaves the stalked eggs of a species of Ghrysopa (which un- 
fortunately could not be determined) are also laid. The eggs of the Ghrysopa are 
light greenish-yellow when they are freshly laid, and turn brown at the time of 
hatching. The larvae hatching from these eggs are reddish purple at the time of 
maturity. They are provided with long legs, very long spines on the abdominal 
segments and powerful inwardly curved hollow mandibles. The Ghrysopa larva is a 
very voracious feeder on Psyllid nymphs. Not only that, it was also found to prey 
upon the eggs and larvae of Baccha pulchrifrons Aust. It breaks open the egg shell 
by the sharp ends of its mandibles after which it sucks the contents of the egg, 
A single larva of Ghrysopa was confined in a cage with four larvae of Baccha pulchri- 
frons Aust. at 11 a.m. on 10th December 1931. Next day one larva of the latter 
was found completely sucked and another partially so by the former which was then 
in the act of forming a cocoon. In order to find out whether the larvae of Baccha 
pulchrifrons Aust, also prey upon the eggs of Ghrysopa , two seven-days-old larvae of 
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the Syrphid fly were placed with 17 eggs of the Chrysopa and some Psyllia nymphs 
in a cage on 11th December 1931. The Syrphid larvae were closely watched while 
feeding, and during these observations the larvae were found to bend the stalks so 
as to bring down the eggs on the surface of the leaf and then suck them up. There- 
fore, there exists a keen straggle for existence between the larvae of Chrysopa and 
those of Baccha pulehrifrons Aust., the foimer preying upon the eggs as well as the 
larvae of the latter which only preys upon the eggs of the former. The loss sus- 
tained by the Psyllid colony through the attacks of the larvae of the Syrphid and 
the Chrysopa species is to a great extent minimized by their mutual "warfare. The 
plant is also saved in a way from the attack of the Psyllid, which would have been 
heavy, had not there been two different kinds of larvae predating upon the nymphs 
of the Psyllid. 

Enemies 

The parasitic insects belonging to the family Ichneiimonuhe seem to be the 
natural enemies of the larvae of the aphidophagous species. Specimens of Bassw 
multicolor Grav., were reared from the larvae and pupae of Ischiodon scutcllaris 
(Fabr.). The parasite probably drops its eggs into the body of the larva of 
ischiodon scutcllaris (Fabr.) through the skin. The larva of the parasite grows in 
the body of the Syrphid larva without hindering its pupation. The parasite emerges 
through a slit in the anterior broad rounded portion of the pupa. The emergence of 
the parasite takes place ten to fourteen days after the pupation of the larva. Only 
one parasite was seen to emerge from one pupa. The description of the adult para- 
site will be found in the Fauna of British India, Hymenoptera, Vol. 111., pp. 279- 
2b0. 

Table I 

The habitats and the time of occurence of the larvae of the aphidophagous species 
of Syrpkidae, the records of which are available in Pusa collection 


Name of the species 
Baccha sapphirina (Wied.). 
Do. ditto 


Do. pulehrifrons (Aust.) 


| Found feeding on 

Time of occurrence 

Indigo Psylla 

. 

30th October 1012 

Orange Aphis 

. 

16th June 1913 


r 

1 

18th February 1916 1 

20th February 1916 

Gt enophalara 

elongata 

4th January 1927 

Crawf. on 

Bombax ^ 

■ ( 

malabaricum 

16th November 1931 

27th November 1931 

5th December 1931 


Locality 
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Name of the species 


Coimbatore 


Paragus serratus (Fabr.) 


Samalkot 


Ischiodon scutellctris (Fabr.) 


Found feeding on 

Time of occurrence 

Probably bred on root 
aphis 

19th September 1913 

Aphis on red gram 
shoots 

23rd November 1906 

Green aphis on Phyllan- 
thus emblica 

27th July 1914 

Aphis on Solanum sp. 

20th June 1915 

Aphis on water-melon 

30th May 1907 

Aphis on DolicJios Loblah 

9th May 1931 

Aphis on Solanum sp. 

19th November 1915 

r 

28th January 1915 

Aphis on Chrysan-^ 

themum. * 

30th January 1915 


1st November 1915 

Aphis on water-melon j" 

2nd May 1907 

29 th May 1907 

Aphis on Ak ( Galolropus) 

2nd June 1906 

f 

3rd July 1906 


2nd August 1906 

Aphis on cotton . . -< 

15 th February 1908 


2nd March 1908 

L 

1st September 1904 

Aphis on cabbage . 

27th April 1905 

25th March 1908 

Wheat aphis 

7th March 1908 

Aphis on sisso 

17th May 1931 

: r 

23rd February 1932 

Aphis on mustard . < 

1st March 1932 

. 

L 

16th March 1932 
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Name of the species 

Found feeding on 

Time of occurrence 

Locality 

Spliaeropkoria javana ( W iecl. ) 

Gtenophulcim dong ala, f 
Crawf. on BombaxA 
malabaricum {_ 

7th November 1931 

23rd November 1931 

j| Pusa 

Do. 

ditto 

Aphis on cotton . , 

30th November 1931 

23rd December 1931 

|d 0 . 

Syrphus serarius (Wiecl.) * * 

Mustard aphis . . < 

4th March 1932 

8th March 1932 

j Do. 

Do. 

baltealus (Do Geer) 

Aphis on sunflower 

25th February 1907 

Do.. 

Do. 

ditto 

Aphis on cotton 

20th December 1931 

Do. 

Do. 

co uf rater (Wied.) 

Cabbage aphis 

16th March 190S 

Do. 

Do. 

ditto 

Aphis on chrysanthemum 

1st February 1915 

Do, 

Do. 

ditto 

Wheat and cotton aphis . 

14th March 1908 

Do. 

Do. 

ditto 

Eriosoma Janigera (Woolly 
aphis). 

21st September 1923 

Srinagar (Kash- 
mir) 

Do. 

ditto . * 

Pomegranate aphis 

25th September 1923 

Do. 

Do. 

isaaci sp. nov. 

Aphis on mustard . | 

7th February 1932 

11th February 1932 

^ Pusa 


Life-history of Baccha pufohnj'rons Austen 
Introduction 

The genus Baccha can easily be distinguished by the following characters 
Head more than hemispherical, face hollowed below frontal prominence, 
produced again to a central knob, not produced at upper mouth edge ; species 
dark with pale markings on the head, thorax and abdomen, the latter conspicuously 
constricted at the base. 


jrjrrzr 0 . 
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Baccha pulehrifrons Aust. has been recorded from Bhowali, Darjeeling district ; 
Pusa, Bihar ; Mormugoa, Goa ; Hot Wells, Trincomalee ; Ceylon ; Cherrapunji, 
Assam and jungle at the base of Dawna Hills. 

Some observations 

In Pusa the fly has been collected during the months of January, February, 
August, November and December. About the middle of November 1931, the flies 
were seen hovering about the young plants of Bombax malabaricum , probably in 
search of suitable places for egg laying. It is about this time that the nymphs of 
the Psyllid, Gtenophahm elongata Crawf. make their first appearance on the leaves. 
The leaves of Bombax malabaricum infested with Psyllid nymphs were thus collected 
from the trees and brought to the laboratory for detecting the eggs. After a careful 
search the eggs were found. The nymphs of the Psyllid were found both on the 
upper and the lower surface of the leaves, more particularly on the lower surface as 
it is soft being less exposed to sun than the upper surface. If the infestation is less, 
the nymphs are seen collected close to the primary vein of the leaf and in case it is 
heavy they are seen on the secondary veins also or spreading on the entire surface 
of the leaf. The eggs of Baccha pulehrifrons Aust., as of all aphidophagous species 
of Syrphidae are deposited singly. An egg is laid by the fly just near a small 
colony of Psyllid nymphs, so that the larva on hatching may find food at once to 
begin its existence. The number of eggs laid by the fly is proportionate to the 
nature of infestation. Usually one to two eggs or at the most four eggs were 
noticed on a leaf. 

Field collections of leaves infested with nymphs of Ctenophalara elongata Crawf., 
were made on a large scale for the eggs and larvae of Baccha pulehrifrons Aust. 
About 200 such leaves were examined every day and eggs and larvae were sorted 
out and kept separately in Petrie-dishes with food for rearing. Daily observations 
in the colour changes of the larvae and the pupae of this species were made and the 
life-history was thus worked out. 

The egg (Plate LX, fig. a) — The freshly laid egg is milk-white with a light 
yellow tinge about its middle. It is *90 mm. long and *30 mm. broad. It is 
elongated oval in outline, rounded at both the ends, rather slightly narrower at the 
anterior end which bears the myeropyle on a small conical projection. The chorion 
of the egg is sculptured with small rod-like calcarious structures arranged in longi- 
tudinal rows parallel to the long axis of the body of the egg. Bach such structure 
sends out very small branches on both the sides of its body. These small branches 
from the structures do not form a net- work. 

The approximate incubation period can be judged from Table II given below 
which gives the date of collection and the date of hatching of the eggs. 
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Table II 

Owing the date of collection s the number of eggs collected and- the dale of hatching 
of eggs of Baeeha piilclirifroiis Aust. 
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segment mid-dorsally at the ends of the posterior larval respiratory tubes which m 
the young larva are separate. The median dorsal blood vessel is almost coburiess 
a n d can be made out by the pulsation of its various chambers. If followed fro 
the posterior to the anterior end, it is seen to disappear at the prothoracic segment 
On the sides of the dorsal blood vessel at about the anterior third of the body 

the larva are two triangular patches of fat, their apices being directed forwards 
Mother rectangular fat area is situated just behind the middle of the body and 
tZds upto the penultimate segment of the body of the larva. The posterior side 

of this area is produced downwards at the angles. Pairs ot small patche of fat 

one such pair in each segment excepting the last, are found dorsolaterally in i 

^° d ^Tlie^oung < larva feeds very voraciously on the young Psyffid nymphs. During 
the time when it is feeding, it will be seen piercing at various places the soft 
abdomen of its victim by the pointed anteior portion of its jaws. As soon as the 
punctures are made, the jaws begin to work again vigorously backward and forward 
and by their action, aided by the mouth hooklets the victim is sucked up 
completely, the remains of its body being left on the leaf as a small crumpled piece 
of chitin. It goes on feeding upon its prey in this manner for some time a er 

which it rests on the surface of the leaf during which the pulsation of the various 

chambers of the heart can very well be seen. It soon becomes active after the 

repose taken and begins attacking other nymphs on the leaf 

P In Pusa the larvae of BaccJia pulchrifrons have only been found leedmg o 
Psylla on Bombax malabanoum , there being no alternative hosts. The larvae were 
triS under laboratory conditions on cotton aphis. Two larvae of Baccha jndek- 
rifrons, about six to seven days old, were kept in a cage with all sizes of nymphs of 
cotton aphis on a leaf of cotton. Fresh food was given to the larvae every day 
Although the food was so near at hand, the larvae did not even go near it and w ere 
ultimately starved to death, one dying 10 days, and the other 11 days, after they 

were S“ M3 ^'( plate LX ’ fig - ^-~ The M1 ; grown larva of f acc?ia ,,f iZ ' 

chrifrons is 8’5 mm. long and 2'0 mm. broad. It is ot a, light grey co our . wi 1 a 
prominent rectangular white fat area on the dorsal side just behind the middle of 
the body. The head of the larva is apparently composed of two segments. Pro- 
truding from the tip of the first segment at the time of feeding of the larva, can 
be seen the jaws and the anterior mouth hooklets. The antennae are seen to arise 
ventrally from the first segment of the head. Each antenna is bifurcated at its 
distal end, the inner piece being composed of two joints. The first segment of the 
head is covered over with small sensory spines. In each segment of the body ex- 

‘ ■* * ■“ nmn iri/Va in 
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the skin. On account of these wrinkles it- is rather difficult to ascertain the num- 
ber of segments in the body of the larva. The arrangement of spines at regular 
distances in the region of the body of the larvae of most of the aphidophagous 
species of Syrphidae solves the difficulty by giving an indication of the position of 
inter-segmental lines. These spines have been named as segmental spines, but we 
should prefer to call them inter-segmental spines as they are situated in the inter- 
segmental regions of the body of the larva. There are 10 rows of spines in the 
larva of Baccha pulchrifrons as in other larvae of the aphidophagous species of 
Syrphidae. The first row of spines is between the head and the prothoracic seg- 
ments and the last row between the penultimate and the last segment. In each 
row there are 12 spines, viz,, a pair of median, a pair of dorsal, a pair of dorse-late- 
ral, a pair of ventre-lateral ami 2 pairs of ventral spines. Besides this, there is a 
small bristly pubescence all over the body of the larvae of most of tlieaphidopha- 
gous species. 

These inter-segmental spines are more prominent in the young larva. In the 
adult larva they can only be made out with the help of a microscope. Each spine 
has the basal portion and the tip white, the middle portion being black. 

The mouth parts of the larva. (Plate LX, fig. c) consist, as in the larvae of 
other aphidophagous species, of a pair of inverted Y-shaped jaws and 2 pairs of 
mouth booklets (2-4 pairs in other species). All these parts are heavily chitinized 
and are of a black colour. The two pairs of mouth booklets are an outer and 
a lateral pair. The booklets of the outer pair are bidentate, those of the lateral 
pair are rod-like and slender. 

The two tracheal tubes are clearly seen through the translucent skin of the 
larva. Anteriorly they open by spiracles placed at the tips of the two anterior 
larval respiratory cornua, one on each side of the prothoracic segment and posteri- 
orly each tube is continued separately into the chitinous respiratory tube situated 
on the mid-dorsal portion of the last segment. The chitinous respiratory tubes 
which are separate in the younger stages of the larva become closely applied by 
their inner sides and form a single posterior respiratory appendage which is seen 
prominently sticking out from the last body segment. In the adult larva the pos- 
terior respiratory appendage is about 1 mm. long. Each tracheal tube gives a 
branch on its inner side before it passes into the respiratory appendage. This 
branch is divided at its end into fine braches supplying the ninth segment. At the 
end of the respiratory tube on each side are seen three digitate spiracles at the three 
angles and at the fourth inner angle a dorsal circular plate as shown in Plate LX, 
fig. e. 

The two anterior triangular fat areas of the young larva cannot be seen in the 
adult larva. The two small dorso-Jateral patches of fat in. each segment are clearly 
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seen in the full-grown larva. The posterior rectangular fat area is very prominent 
and extends over the ninth, eighth and seventh segments before which it is seen 
narrowed abruptly up to the fourth segment. 

The dorsal blood vessel is of a light yellow colour in some specimens and in 
others it is almost colourless and can be made out by the pulsation of its various 
chambers. It can be followed from the ninth to the fourth segment. 

Table III below gives the date of hatching and the pupation of the larvae. 
From it the larval period can easily be found out. 


Table III 


Showing the larval period in Baccha pulchrifrons AusL 


Larva No. 

Date of hatching of the 
larva 

Date of pupation of the 
larva 

Larval period 


1931 

3931 

days 

1 

9th November . 

20th November 

11 

2 

15ih „ 

27th 

12 

3 

22nd „ * # • 

7 fch December 

16 

4 

22nd „ . , . 

9th 

18 

5 

23rd ,, • * • 

7th „ 

15 

6 

24th . 

10th „ 

17 

7 

29th „ . . 

nth „ 

13 

8 

30th „ 

nth „ 

12 


The shortest larval period under laboratory conditions is 11 days and the long- 
est 18 days. The lengthened larval period of Baccha pulchrifrons in some cases 
may partly be due to the varying conditions in temperature and humidity under 
which these larvae were reared and mostly to the insufficient food supply. 

Pupa (Plate LX, fig. f)— Length 5*6 mm., breadth 2T5 mm., moulting 
has never been observed in the larvae of Syrphidae. The tough pupal skin is made 
by the induration of the larval skin of the adult larva. 

The pupa of Baccha pulchrifrons is of a light straw colour, and like the pupae 
of all the aphidophagous species of Syrphidae is broad and rounded anteriorly, and 
tapering gradually towards the posterior end. The ventral surface is fiat, the dorsal 
prominently convex. In a newly formed pupa many of the larval details e. g., the 
posterior fat area, the paired dorso-lateral patches of fat. the spines and the wrin- 

can well be seen. The spines in the pupa are very small. 
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The segmentation is indistinct. Dorsally about the middle of the body of the 
pupa are two small dark diamond shaped areas. There are also five pairs of narrow 
black markings in the dorso-lateral portion of the pupa. A pair of narrow black 
transverse stripes is seen in the broad rounded anterior part of the pupa. The 
ventral side of the pupa is of a straw colour. 

In some pupae obtained from larvae reared in the laboratory, besides the cha- 
racters mentioned above, the colour is more black dorsally due to the presence of 
small black dots, and a black longitudinal stripe on each side arising from which are 
seen four smaller backwardly directed stripes. The ventral side of such a pupa was 
of a light straw colour with small black dots on the sides. It was observed while 
rearing the larvae in the laboratory that in some cases when the larva was supplied 
with more food, it developed more black colour and also the dorso-lateral black 
stripes and the black dots. It may be mentioned here that the difference in the 
colouration of the pupa has no bearing on the sex of the imago. Both males and 
females were seen to emerge from the black type of pupa. 

The pupal period is generally II days but flies were seen in some cases to 
emerge 8 or 9 days after the pupation of the larva. The pupa at the stage when 
the fly is about to emerge shows a red colour in the broad anterior portion — the colour 
of the eyes of the developing imago within the pupa case, the rest of the pupal skin 
appears darker, more specially the middle portion. 

Imago (Plate LX, fig .g ) — A large number of flies, both males and females, 
were reared in the laboratory from eggs which were collected in the field. Bru- 
netti, in the Fauna of British India, Yol. Ill, pp. 123-124, while recording descrip- 
tions of male and female of Baccha pukhrifrons adds “ Austen notes a male and 
female which may be a variety of this species ”, There are also in the Eusa collec- 
tion two females of Baccha pukhrifrons Aust., determined by Brunetti. The males 
and females obtained from the eggs were compared with the determined specimens 
in our collection and the description given in the Fauna Volume. From the com- 
parisons thus made, it is evident that Austen’s descriptions of the male and female 
of Baccha pukhrifrons are of one and the same species. 

Life-history of Paragus serratus (Fabricius) 

Paragus serratus (Fabt.) is a widely distributed species in the east. It is also 
quite common in Africa. It is a small fly, 5 mm. in length with a yellow face, 
shining blue black punctulate thorax, with a pair of grey diverging stripes on the 
dorsum and with light brown to black abdomen. It can be recognised at once by 
its serrated scutellum. The fly is quite common in Pusa and has been collected in 
every month of the year. As seen from the Table given on p. 548, this species 

predates on root aphis, red gram shoot aphis, aphis on Phyllardhus embhoa, aphis 

c 
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Oil Solanum sp., aphis on water-melon, aphis on Dohchos, Aphis sacchan, aphis on 
cotton, aphis on mustard and others. It is not uncommon to see, on any one of the 
above-mentioned plants attacked by aphids, small greenish yellow larvae, each with 
a broad black stripe on the dorsal surface. Field collections of the eggs and larvae 
of this species were made from the leaves of Doliehos Lablab on which a heavy 
attack of aphids was noticed in May, 1931 and the life-history was worked out. 

Egg (Plate LSI fig. a)— The egg when freshly laid is chalk-white and is 
*8 mm. long and '27 mm. broad. It is rounded at both ends, the anterior end being 
slightly narrower than the posterior end. The surface is ornamented with small 
elongated white areas arranged in longitudinal rows, each such area giving small 
brandies on the sides. 

Full-grown lama (Plate LXI, fig. 6)— The adult larva is 9*3 mm. long and 
2-5 mm. broad. The body of the larva is pale greenish yellow ventrally, black 
dorsally, excepting the sides (which are also greenish yellow), with splashings of 
orange colour throughout. The body is almost equally broad for about two-thirds 
of its entire length from the posterior end and is then seen to gradually narrow 
towards the anterior extremity. The inter- segmental spines are very prominent in 
this species. The bases of the spines are broad and swollen and are pale green 
excepting those of the median and the dorsal spines which are orange. The skin 
of the larva is tough and therefore the trachael tubes cannot be seen through it. 
The anterior larval respiratory cornua are very small and ochraceous. The 
posterior spiracular tubes forming the posterior respiratory appendage are seen 
slightly raised above the surface of the last segment in the body which is entirely 
greenish yellow. They are of a light brown colour. At the end of the respiratory 
appendage on each side are three digitate spiracles, four small inter-spiracular spurs 
and a circular dorsal plate as shown in Plate LXI1I, fig. d. 

The mouth parts of the larva consist of inverted Y-shaped jaws and three pairs 
of mouth booklets. The outer pair of mouth booklets are small and tooth -like, the 
other two pairs, one at the anterior and the other at the posterior end of the jaws, 
are elongated and rod-like. 

The larval period in this species was found to be about a week in May, 1931. 

Pupa (Plate LXI, fig. e)— The pupa is 6*1 mm. long and 23 mm. broad. 
It is of a pale ochraceous colour. The ventral surface is flat and the dorsal, just as 
in other species, humped. The body of the pupa is broad and rounded anteriorly, 
narrowing gradually towards the posterior end on which is found the posterior 
respiratory appendage. The skin is wrinkled as in the larva. The inter-segmental 
spines are very prominent. The pupal period is about one week. Towards the end 
of this period, the pupa becomes dark, specially more in the anterior half of its 
. This is due to the colour of the fly within the pupa. 



Paragus serratus Fabriciiis. 


{For explanation please see p, 570), 
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Life-history op Sphaerophoria jrnana (Wiedemann) 

Introduction 

While making observations in the field and working in the laboratory, on the 
various stages in the life-cycle of Baocha pulchrifrons Aust., it was found that there 
were also larvae of another species of Syrphid fly preying upon nymphs of 
Ctenophalam elongate . These larvae were green in colour in the adult condition, 
with a pair of fairly broad median dorsal fat stripes. The flies bred from these 
larvae were identified as Sphaerophoria javam. It may be stated that the fly has 
never so far been recorded from Bihar. Collections of this species have been made 
from Ooorg, South India, 15-20. X. 1915 (Fletcher) ; above Tura, Assam (Kemp). 
It has also been recorded from Ceylon, Sumatra and Few Guinea. Fletcher 
reared a fly from larva which he found feeding on Psyllids on a tree in Shillong in 
the beginning of November, 1918. It was in the months of November and Decem- 
ber, 1931, that the eggs and larvae of this species were collected at Pusa and flies 
reared. Later in the month of January, 1932, the larvae of this species were found 
feeding on aphids on cotton plants and a male was reared. 

Egg (Plate LXIX, fig. a) — Length '89 mm., breadth *29 mm. Freshly laid eggs 
are white, comparatively narrower than those of Baccha pulchrifrons which are also 
found on the same leaf of Bombax malabaricum in association with the nymphs of 
the Psyllid Ctenophalam elongate . The chorion of the egg is marked with elongated 
oval areas all over the surface without any processes on the sides. The egg assumes 
a darker hue with a purplish tinge at the time of hatching. The incubation period 
is about 48 hours. 

Young larva (Plate LXII, fig. c) — The newly hatched larva is 2*33 mm. 
long and *48 mm. broad. It is pale yellow in colour with a slight greenish tinge, 
equally broad in the posterior half and gradually tapering towards the anterior end. 
At a little later stage the larva becomes more yellow, the middle portion being 
bottle-green, and a reddish tinge appears in the fourth and fifth segments of its body. 
A pair of median fat lines, much more prominent in the full-grown larva but not so 
in the young stage, can. be seen enclosing between them the median dorsal blood 
vessel which is reddish in colour. The anterior larval respiratory cornua are 
distinctly seen as two small light ochraceous processes, one on each side between 
the head and the prothoracic segment. The posterior larval respiratory tubes, 
ochraceous in colour, are quite separate and are situated on the last segment. The 
inter-segmental spines are small and of pale ochraceous colour. 

j Full-grown larva (Plate LXII, fig. d) — Length 10 mm., breadth 2*0 mm. The 
full-grown larva is pea-green in colour. Mid-dorsally there are two fairly broad fat 
stripes extending from the ninth to the fourth segment. The stripes appear green 
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due to the general body colour of the larva being green. The body of the larva is 
uniformly broad posteriorly and is seen to narrow very gradually towards the 
anterior end. The head of the larva is small, conical, being composed of two 
segments. It encloses within it the oesophageal frame-work containing the jaws 
and the mouthhooklets. Each arm of the inverted Y-shaped upper jaw possesses 
three teeth which, when the jaws are in action, serve the purpose of puncturing the 
body of the victim at various places. Both upper and lower jaws are heavily 
ehitinized. The outer mouthhoohlet of each side is bidentate and is of a black 
colour. There is only a single pair of lateral mouthhooklets. They are situated 
one on each side of the jaws and are much less ehitinized than the other mouth 
parts. They are long and slender, broad anteriorly, gradually narrowed towards 
the posterior end. 

After the head, ten clear segments can be counted. The inter-segmental spines 
are small, ochraceous and can only be seen in the adult larva by the help of a 
microscope. The skin of the larva is thrown into folds or wrinkles and three such 
wrinkles can be counted in most of the segments. The entire course of the tracheal 
tubes can be seen beneath the green translucent skin of the body of the larva. 
Mesially on the dorsal surface of the last segment can be seen the posterior respira- 
tory appendage, composed originally of two chitinous posterior respiratory tubes, 
separate in the young larva, and closely applied by their inner sides when it is 
about full-grown. The respiratory appendage is of brown colour and, unlike the 
same appendage of the larva of Baccha pulcJirifrons, is -slightly raised -above the 
surface of the body. In the end view of the posterior respiratory appendage 
(Elate LXII, fig. e) can be seen, on each side, three digitate spiracles and a dorsal 
plate. The anterior spiracles, two in number, are placed on sides at the anterior 
portion of the prothoracic segment at the tips of the larval respiratory cornua which 
are of a pale ochraceous colour. The dorsal blood vessel in the larva is of a reddish 
orange to purple colour. In the posterior segments of the larva it is darker. The 
various chambers of the vessel can be seen undergoing rhythmic contraction and 
expansion at the time when the larva is quiescent after a feed. 

The larval period, as calculated from the data compiled, while rearing of the 
flies was carried in the laboratory, varies from 10-15 days. 

Pupa (Plate LXII, fig. /) — Length 5‘1 mm., breadth 2’1 mm. The pupa is 
green in colour. Like the pupae of other aphidophagous species of Syrphidae it 
possesses a flat ventral surface and is inflated dorsally. It is fusiform in outline, 
being broad and rounded anteriorly and gradually tapering towards the posterior 
end which hears the posterior respiratory appendage. In a newly formed pupa, the 
two fat stripes, the inter-segmental spines and the wrinkles on the skin of the body 
segments can be seen as in the larva. The posterior respiratory appendage is 
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Syrphus serarins Wiedemann. 
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shining brown in the beginning but later on becomes darker. The ventral surface is 
lighter in colour than the dorsal surface. 

While breeding flies of Sphcerophoria jamna two different types of colouration 
were noticed in the pupae. In one type the colour of the pupa is as described 
above and from it male fly was seen to emerge. In the second type the pupa is 
equally green on the dorsal as well as the ventral surface. Dorsally black patches 
can be seen over the green surface presenting the appearance of five pairs of laterally 
placed oblique stripes. The ventral side in this type of the pupa developes small 
black dots on the sides. .Prom this type of pupa female fly was seen to emerge. 
Towards the end of the pupal period which is of eight to ten days" duration, the 
colour of the eyes, thorax and abdomen of the imago can be seen through the pupal 
skim the anterior third of which appears reddish-brown, the middle portion black 
and the hind portion black with greenish yellow stripes. 

Imago (Plate LXII, fig. g)—~ A sufficient number of flies, both males and 
females, were reared in the laboratory from the eggs, and larvae collected in the 
field. In fresh specimens thus obtained, the colour of the face, thorax and abdomen 
was lemon-yellow instead of orange-yellow as found in the description of the species 
given in the Fauna of British India, Diptera, Vol. Ill, pp. 100 — 101. In all other 
respects the specimens exactly tallied with the named ones in the Pusa collection 
and answered perfectly to the description of the male and female given in the 
Fauna Volume. 

Lifecycle 

The life-cycle of Sphcerophoria jamna takes about three weeks to complete. 
The egg hatches in about forty-eight hours after it is laid. The larva, under proper 
laboratory conditions, pupates 10 to 12 days after the hatching takes place and the 
adult fly emerges 8 to 10 days after pupation of the larva. 

Life-history of Syrphus serarius Wiedemann 

Syrphus serarius Wied., is a hill species and has been recorded from various 
hill stations, such as, Masuri, Kumaon, Alrnora, Murree, Darjeeling, Shillong and 
other places besides Pusa, Coorg (S. India) and Ceylon. It has been reported from 
Java, and Coquillett records it from Japan. 

The larvae of this species were found feeding on aphids on mustard in Pusa in 
February and March 1932. The eggs could not be obtained and hence the descrip- 
tion of only the larva and pupa is given below. 

Full-grown larva (Plate LXIII, fig. a) — The adult larva is 9*1 mm. long and 
1*5 mm. broad. In the earlier stages the larva is black both ventrally and on the 
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dorsal surface excepting the 4th, 11th and the 12th segments which are white above 
due to the development of fat. The larva, like those of other species of aphido- 
pkagous Syrphidae, is broad posteriorly and is gradually seen to narrow towards the 
anterior end. The skin is tough. The body is covered all over with small black 
bristly hairs which can even be seen on the 4th, 11th and the 12th segments 
which are white. The tracheae can not be seen through the tough skin due 
to its black colour. The anterior larval respiratory cornua are pale in colour 
and can be seen on the anterior side of the prothorocic segment, one on each side. 
The posterior larval respiratory tubes are seen joined by their bases. They are 
shining black and are slightly raised above the surface of the segment on which they 
are situated. At the end of each tube will be found three digitate spiracles, four 
inter-spiracular spurs and a prominent shining dorsal spine. The wrinkles on the 
segments are as in other larvae of the aphidophagous species. The inter-segmental 
spines are black and very prominent. The median spines are situated a little in 
front of the dorsal and dorso-lateral spines. There are also two rows of small spines 
in the two head segments. The bases of the median spines are sometimes white in 
some of the segments in the body. 

The fat in the larva increases as it approaches maturity. The colour of the 
larva, when it is about to pupate, is as follows : Ventral side of the larva black ; 
dorsal surface black, excepting a patch of white on each side of the head and the 
first segment ; sixth and the anterior portion of the seventh segment white ; eighth, 
ninth and tenth segments partially white due to irregularly distributed white fat 
' patches ; eleventh segment entirely white and twelfth segment white excepting the 
posterior respiratory tubes which are shining black. 

The mouth parts of the larva are a pair of inverted V-shaped jaw r s and three 
pairs of mouth booklets. The outer pair of booklets are tooth-like, each possessing 
a broad base and pointed apex. Out of the two pairs of lateral mouth booklets on 
the sides of the jaws, there is a pair of rod-shaped mouth booklets. The second 
pair of mouth hooklets are very small chitinous structures on the sides of the jaws 
at their anterior end. 

The adult larva has a peculiar habit of bending its body at times while it is 
feeding. Sometimes in this position it is easily mistaken for a caterpillar. 

Pupa (Plate LXIII, fig. d ) — The larva pupates either on the leaf or on the 
fruit of mustard. The newly formed pupa is fusiform, broad and rounded anteriorly 
and narrowing towards the posterior end on which is situated the posterior respira- 
tory appendage. It is 6*4 mm. in length, 2*8 mm. in height and 31 mm. in breadth. 
The inter-segmental spines are not so conspicuous as in the larva. The wrinkles on 
the segments are as in the larva. The pupa is black ventrally, and on the dorsal 
surface besides the blaok colour white patches of larval fat can be seen just as in the 
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larva. After two or three davs the colour of the pupa becomes light ochraceous, the 
anterior portion Being dark, and also there is a broad diamond-shaped area of a dark 
colour about the middle' of the dorsal surface. The pupal "period ; is about eight 
days. 

Life-history of Syrphus halteatus (Be Geer) 

Introduction 

The fly Syrphus halteatus (De Geer) is one of the commonest species of the 
genus Syrphus and has been reported from all over India, In Pusa the fly is fairly 
common and is available during most of the months in the year. From January to 
March the flies of this species are seen in a sufficient number in the fields and can 
be collected at any time in the day. They are seen hovering over flowers in search 
of food which they find in honey stored in the nectaries of the flowers. The gravid 
female besides looking for the honey will be seen here on this leaf, there on another 
and ultimately will be out of sight and if these leaves are examined with a field lens 
carefully, one may find on any one of them on its underside a newly laid egg in a 

small colony of green aphids. • . . , 

The adult flies of this species can be recognised at a glance in the field by the 
orange coloured face, shining aeneous thorax and orange coloured abdomen with 
black segmentation, and, inmost of the specimens, with an additional narrow black 
stripe in each one of the third and the fourth segment. , 

Field collections of the eggs and the larvae of this species were made on a large 
scale in a cotton field in January and February, 1932. The larvae were found both 
on the underside of the leaves preying upon nymphs of the cotton aphis and on the 
thalami of flowers which had just opened, where they were found mainly feeding on 
young nymphs of Coccids which attack the shoots of cotton plant. It is in the 
latter position that maggots of the Drosophillid, Getonides perspicax Knab, are 
also found but it is not difficult to distinguish the larvae of one from the other. 
The young, and in some cases the adult, larva of Syrphus halteatus (De Geer), 
is black on the posterior two thirds of its body, the anterior third being light 
yellowish grey. In the posterior portion of the body of the larva will be found a 
red coloured loop underneath the skin. 

All the stages in the life-cycle of this common Syrphid fly were carefully studied 
in the laboratory and the life-history was thus worked out. 

Egg (Plate LXIY, fig. a )— The eggs are 1*1 mm. in length and *35 mm. in 
breadth. They are singly laid on the under-surface of the cotton leaf. Freshly laid 
e <ygs are milk-white, elongated oval in outline and rounded at both the ends. 
The chorion of the egg, when examined under the microscope, is seen ornamented 
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with elongated chalky areas arranged in longitudinal rows parallel to the long axis 
of the egg. On both the sides of each such area are seen small dentate processes. 
The egg, when about to hatch, becomes dirty white. The incubation period is 
about 48 hours. 

Young larva (Plate LXIV, fig. c)— The young larva is 1*4 mm. long and 
*35 mm. broad. The newly hatched larva is of black colour dorsally. It is broad 
posteriorly and gradually narrows towards the head segments. The flat ventral 
surface of the larva is pale grey, so also are the sides, the head, the prothoracie 
segment and the last body segment bearing the chitmous posterior respiratory 
tubes. A pair of thin white fat streaks can be seen extending from the posterior to 
the anterior end on the median dorsal surface of the body of the larva. The dorsal 
blood vessel is not clear owing to the black colour of the larva. A pair of red 
tubular markings on the posterior surface of the larva gives a characteristic 
appearance to it by which it can be easily recognised in the field. The rows of 
small inter-segmental spines can be seen with a hand lens, the first between the 
head and the prothorax and the last between the 13th and the 12th segments. 
The tracheal tubes can he seen within the skin throughout their entire course in 
the body of the larva. The pale anterior larval respiratory cornua are very small 
but can distinctly be seen. The posterior chit incus spiraeular tubes on the last 
body segment are separate. 

Full-grown larva (Plate LXIV, fig. e ) — The adult larva is 9*1 mm. long and 
1*6 mm. broad. There are in all twelve segments in the body of the larva. On 
the last segments is seen the ochraceous posterior respiratory appeiidage which is 
about *4 mm. above the surface of the segment. At its end (Plate LXII, fig./) 
on each side are three digitate spiracles, a circular plate and four interspiracular 
spines. The colour of the body is pale ventrally, black on the dorsal surface from 
the ninth to the fourth segment. The anterior four segments are pale grey. The 
red tubular n arking on each side of the body extending from the sixth to the eighth 
segment stands out in contrast to the black colour of the segments over which it 
extends. The tubular area of each side encloses fat within and around it on the 
sides. The dorsal blood vessel cannot be made out due to the black colour of the 
larva. The inter-segmental spines are microscopic. 

The mouth parts (Plate LXIV, fig. cl ) — The mouth parts consist of a pair 
of inverted V-shaped jaws and four pairs of mouthhooblets. Near the distal end 
of each limb of the upper jaw can he seen three small teeth. The outer mouth 
booklets are conical with sharp apices. The other three pairs are lateral, a pair of 
very small comma-shaped mouth booklets and two pairs of rod-like mouth booklets. 

The black colour do/sally on the body of the larva is not constant and has 
been found to vary to a great extent in the larvae both obtained from the field and 
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reared in the laboratory. Some larvae of this species collected in the field 
on cotton aphis in December. 1931 and January, 1932 and others on cabbage aphis 
about the first week of March, 1932, were white, each with a red tubular marking 
on its sides. Larvae reared in the laboratory from eggs of this species collected 
in the field also developed black colour to a varying extent. The black colour 
disappears m the larva as it is about to pupate. At this stage the larva presents 
a white appearance, the colourless dorsal blood vessel is seen surrounded by fat on 
its sides, there being more fat within the tubular marking and around it on the sides. 
The Table given below shows the larval period in Syrphus bnlteatus (De Geer). 


Table IV 

Showing the larval period in Syrphus balteatus [Be Geer 


Larva No. 

Bate of hatching of the larva 

Date of pupation of the larva 

Larval period 

I 

17th December L SI 

28th December 1931 

Days 

11 

2 

18th December 1931 

28th December 1931 

10 

3 

23rd December 1931 

5th January 1932 . 

13 

4 

24th December 1931 

6th January 1932 . . 

13 

5 

26 th December 1931 

9th January 1932 ». 

14 


* ' o- .7/ v ■‘-u.juu. xn xuiigi/ii, a i mm. in 

breadth and 2 mm. in height. It is flat ventrally, broadly rounded anteriorly and 
is seen to narrow gradually towards the posterior end on which is situated the 
respiratory appendage. In colour it is light oehraceous. The inter-segmental 
spines are microscopic. In some cases there are small black dots on the dorsal 
surface and the sides of the pupa, the dots being more closely situated on the sides 
than on the dorsal surface. Besides the dots, there are in this type of pupa, three 
to four narrow black stripes in the rounded anterior region, and the same number 
of small black areas mid-dorsally. The respiratory appendage in all the pupae 
examined is of a pale oehraceous colour. 

As a sufficient number of flies were reared from both kinds of pupae, it appears 
that difference in the markings on the surface of the pupa has nothing to do with 
the sex of the imago. This difference in the marking of the pupa in one and the 
same species was also noticed in Baccha pulchrifrons and Splmrophoria javana, 
and in the latter, the difference in marking had a bearing on the sex of the flies 


which emerged from them. 
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At the time when the fly is about to emerge, the anterior rounded portion 
of the pupa becomes red, the middle portion black and the posterior black with 
orange stripes. These colours correspond to the colour of the head, thorax and 
abdomen of the imago. 

The pupal period varies from 9 to 11 days. 




1 1 





Life-cycle 

The whole life-cycle occupies about three weeks. The egg hatches in about 
48 hours after it is laid. The larva feeds for about 10 days after which it pupates. 
The fly emerges 10 days after the pupation of the larva. 

Imago (Plate LXIY, fig. h )— A number of flies, both male and female, were 
reared in the laboratory. It was found that the orange colour in the second, 
third and fourth segments of the abdomen varied in different specimens. Brunetti 
[1923] in his Fauna Volume on Syrphidae describes the abdomen as 4<r almost linear, 
slightly broader about the end of the second segment, wholly orange, varying a 
little in shade, and indistinct black median spot on the first segment united to a 
black stripe on the hind margin ; this does not reach the sides, but is continued 
on second segment as a transverse basal band joined by a median stripe of varying 
width to a broad black band on hind margin, this latter band uniformly wide and 
reaching sides ; third segment with a narrow transverse line of uniform width (in 
Indian specimens), or narrowed to a point on each side and also interrupted in the 
middle (in European specimens), seldom reaching’*sides ; hind margin with a black 
band as on the second segment ; fourth segment similarly marked except that the 
hind marginal band leaves the extreme margin pale and a slightly convex anteriorly 
or straight in some cases and practically or actually terminal ; fifth segment orange 
with an indistinct small black spot above the middle 

In some specimens bred in the laboratory, the orange and black markings on the 
abdominal segments are just as described above but in others (Plate LXIV, fig. A), 
it differs from the above in following respects The second, third, fourth and fifth 
segments are black with orange spots, a pair in each segment, rectangular in the 
third and fourth segments and triangular in second and fifth, with their apices 
directed towards the middle of the segments on which they are situated, third and 
fourth segments with a pale yellow stripe in the anterior margin and the posterior 
border of the fourth segment indistinctly pale yellow. The narrow black line on 
the third and fourth segments of the specimens wfith abdomen wholly orange yellow 
can be seen here occupying the same position but not so marked. In all other 
details these specimens answer perfectly to the description of the species given in 
the Fauna Volume. This small difference in the markings of the abdominal 
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segments Is only a minor variation within the range of a species and therefore it is 
not necessary to create a new variety, 

Lipe-hlstory of SyrpJms confraler Wiedemann 

Syrphus eonf rater WIed., has been reported in India from the Punjab, Bihar, 
Bengal, Assam and the Madras Presidency. The larva of this species has been 
reported as feeding on aphis on cotton, wheat, cabbage and chrysanthemum. In Piisa 
the fly is fairly common from J anuary to March. The larvae of this species were 
found on mustard plant feeding on aphids. Mr. Fletcher In 1923 found the larvae 
of this species feeding on Eriosoma lanigem (woolly aphis) on pomegranate in 
Kashmir. 

The eggs could not be obtained, The descriptions of larva and pupa are given 
below. 

Full-grown larva (Plate LXY, fig. a ) — The adult larva is 16*8 mm. long and 
3*5 mm. broad. It is larger in size than any other larva of the aphidophagous species 
of Syrphidae reared so far in Pusa. The colour of the larva is light orange. 
The body is uniformly broad for the two thirds of its entire length from the 
posterior end in front of which it is seen to narrow towards the head. There 
are 12 segments In the body of the larva, the last bearing dorsally two posterior 
respiratory tubes each bearing at its end the spiracles by which the tracheal 
tube opens. The median dorsal blood vessel is darker in colour and its various 
chambers are seen when the larva is at rest. A pair of fat streaks are seen, one 
on each side of the dorsal blood vessel, and besides these the fat is distributed 
irregularly in the form of white spotted areas on all the segments. The dorsal 
surface is darker in colour than the ventral due to the presence of minute black 
bristly pubescence which is more pronounced on the sides of the fat streaks. The 
area around the fat streaks on this account appears darker. The skin is much less 
translucent than that of the larvae of other species and hence the tracheal tubes 
cannot be seen through the skin. The inter-segmental spines are quite prominent 
in the younger stages of the larva but are rather microscopic in the adult larva. 
There are, as in the larvae of other species, three wrinkles on the surface of each 
segment in the body excepting the head, the prothoracic and the last segment. The 
latter appears darker than other segments due to the more conspicuous black bristly 
pubescence. 

Pupa (Plate LXY, fig. b ) — The pupa is 8*75 mm. long, 3*5 mm. broad and 3*3 
mm. in height. It is of a dark brown colour, the ventral surface being lighter in 
colour than the dorsal. The body is fusiform, being broadly rounded anteriorly and 
gradually tapering towards the posterior end bearing the small shining black respira- 
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tory tubes. The inter-segmental spines are very small and pale ochraceous. The 
wrinkles in the segments are as in larva. The pupal period is about 12 days. 


Syrphus isaaci has been recorded from Mangaldai sub-division, Assam [Kemp, 
1910]; Nagarkote (Nepal) ; Masuri ; Kumaon and Pusa. A few specimens of this 
species in the Indian Museum collection and a few in the Pusa collection bear 
the label Syrphus instabilis Brun. The description of Syrphus instabilis Brun. 
has not been published and therefore the senior author has taken the liberty to 
describe it under a new name as above. 

The larvae of Syrphus isaaci were found feeding on mustard aphis in Pusa, in 
February 1932. The description of the adult fly, male and female, is given after 
that of the larva and the pupa. 

Full-grown lama (Plate LXVI, fig. a )— The adult larva is 14 mm. long and about 
2'6 mm. broad. It is of a light pink brown colour, flat ventrally, broad posteriorly 
and gradually narrowing towards the anterior end. The segments in the body of 
the larva are marked by inter-segmental furrows which are three in number in each 
segment excepting the last in which they are absent, and third and fourth segments 
in which there are one and two furrows respectively. The body is covered dorsally 
by light brown bristly pubescence hardly visible to the naked eye. The inter- 
segmental spines are small and ochraceous. The dorsal blood vessel is slightly 
darker and is surrounded on both sides by fat forming the median dorsal fat 
streak. Inter-segmentally, from the median fat streak, obliquely placed light 
coloured fat stripes are 
stripe as shown in the diagram of the larva, 
a characteristic appearance to the larva, 
the tough skin of the larva, 

They are slightly raised above the dorsal surface of the last 
they are situated. 

Pupa (Plate LXVI, fig. b )— The pupa is 7'0 mm. long, about 2 
and 3 mm. in height. In shape it is T 
is seen to narrow gradually towards its posterior end. Tin 
pupa is flat. The dorsal blood vessel is seen as i 
segmental spines are ochraceous in colour and m 
are as in the larva. The posterior respiratory 
lusture. The pupal period is about two weeks h 
Adult fly, male and female (Plate LXVI, fig. o 
dark brown pubescence, whitish at the lower angles 


seen to arise and meet on each side into a long white fat 
This arrangement of fat stripes gives 
The tracheal tubes cannot be seen through 
The posterior respiratory tubes are brown in colour. 

:egment on which 


7 mm. broad 
broadly rounded anteriorly where it is high and 
ventral surface of the 
dark line mid-dorsally. The inter- 
cioscopic. The segmental furrows 
tubes are small bearing a metallic 
February 1932. 

: ) — Male : head — eyes brown with 
vertical triangle small, black 
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with black hairs ; upper part of the frons yellow with black hairs. Antennal promi- 
nence shining black, space around the base of antennae very narrowly orange ; face 
light yellow with white pubescence all over up to the oral margin, the latter with short 
white hairs on the sides, the central hump dark brown, bare ; cheeks very narrow, 
cineieous with white pubescence. Fringe of hairs on the posterior margin of the 
eyes orange yellow. Female : vertex shining violet, eyes separated, the space 
between the eyes greatest at the level of the antennae, narrowing gradually towards 
the vertex. 

Thorax moderately shining black with a slight aeneous tinge, with conspicuous 
yellow pubescence on the sides and dorsum ; pleurae, cinereous with light yellow 
fine hairs. Scutellum translucent, dull yellow, with long black hairs on its dorsal 
side and yellow hairs fringing the margin. 


Abdomen black ; first segment shining aeneous with a bluish tinge ; second 
segment with a pair of whitish (in the c Type * specimen) to light orange narrow tri- 
angular spots, their apices separated, their bases nearly reaching the side margins of 
the segment ; third segment with a narrow transverse band of orange colour near 
the anterior margin, the band a little broader near the sides than in the middle; fourth 
segment anteriorly with a similar band, lighter and narrower than the band in the 
third segment ; posterior portion of the fourth and fifth segments somewhat shining. 
Hairs on sides of the abdomen light yellow mixed with black at places, prominent 
on the sides of the segment. Dorsally the pubescence black on black parts and 
yellow on orange parts with few yellow hairs on the black areas. Venter blackish, 
slightly metallic and with bands corresponding to those on the dorsal side. 

Legs yellowish brown ; nearly the basal half of the anterior femora, outer 


sides of the middle femora, the entire hind femora, an indistinct ring at the middle 
of the hind tibia, also all tarsi slightly darker. Wings clear, stigma pale yellow ; 
halteres light orange. Lengths : 10 mm,, of wing 8*6 mm. 

Type male in Indian museum. Type female in Pusa Collection. 


Life-history of Hebphilus bengalensis (Wiedemann) 

Helophilus bengalensis (Wied.) is common in Bihar and Bengal. The species is 
apparently widely distributed throughout India as it has been reported from 
Katmandu (Nepal), Calcutta, Pusa, Bangalore and Sibsagar. 

The flies of this species are available in Pusa during the rainy season. They 
have been collected in the months of July, August and September. They were 
observed, during these months in the fields hovering over wild plants near the 
river bank in Pusa. Egg laying was never observed in the field. Males and gravid 
females, collected in the field in September were brought to the laboratory and 
liberated together in cages, each consisting of a glass bell jar within which was 
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placed a small Petrie— dish containing a piece of cotton soaked in sugar solution and 
a small leafy branch of a wild plant immersed in a beaker half full of . water. Next 
day, or two days after confinement of the flies in a cage, small masses of white eggs 
(in some cases a single big mass of white eggs was observed) were observed deposit- 
ed on the sides of the cage, on a leaf of the branch, or even in the Petrie-dish 
containing the piece of cotton soaked in sugar solution. 

Egg (Plate LXVII, fig. a)— Freshly laid eggs are white with a creamy tinge 
about their middle, each measuring TO mm. in length and ‘30 mm. in breadth. The 
egg is elongated oval in outline, rounded at both ends, the anterior bearing the small 
micropyle being slightly narrower than the posterior end. The ventral surface of 
the egg is flat and the dorsal a little convex. The chorion is marked all over with 
elongated rod-shaped areas in longitudinal parallel rows, each such area giving small 
branches on both the sides. These small branches do not meet one another. 


Food of the larva — The larvae were fed on decaying wood in the act of fermen- 
tation and freshly killed fly maggots. They were observed to get into the body 
of the crushed maggots, thereby devouring entirely the inside viscera. They throve 
well in this medium and became full-grown in 16 days after their hatching. 

Young larva (Plate LXVII, fig. c)— The young larva is white in colour, 
5-5 mm. long and ’68 mm. broad. It conforms to the type of rat-tailed larva to 
which also belongs the larva of Eristalis. Even in the young larva, the tail, which 
is composed of three apparent segments, is equal in length to the body. The first 
segment of the tail which is a continuation of the last body segment is as long as 
its other two segments. The last segment of the tail is darker, bearing at its end 
the posterior stigmata which are ornamented with eight barbed bristly hairs as- shown 
in Plate LXV II, fig. e). The two tracheal tubes are seen through the body from 
its anterior end to the tip of the tail. They open anteriorly by spiracles placed at 
the ends of the two anterior larval respiratory cornua which are not clearly visible 
in the young larva and at the tail end by the posterior stigmata. Ventrally the 
body of the larva is provided with 6 pro-legs bearing black recurved spines. The 
oral aperture is situated on the ventral side of the head of the larva. The anal 
aperture is seen ventrally on the last body segments guarded by a number of radiat- 
ing digitate processes which are supposed to be renal in function. 

Full-grown larva (Plate LXVII, fig. d )— The adult larva is 3‘5 mm. in length 
(body and tail), and 2‘7 mm. in breadth. It is pale yellow in colour. The tail 
is nearly twice the length of the body. The body of the larva including the 
tail is composed of ten segments besides the head. The tail is composed of two seg- 
ments, its first apparent segment being only a continuation of the last body seg- 
ment and hence cannot be taken as a separate segment. The segments in the 
body are marked dorsally by wrinkles in the skin. The head is lined on the margin 







* 











LIFE-HISTORIES OF SOME INDIAN SYRPHIDAE 589 

and the dorsal surface by sensory spines. The two lips on the ventro-lateral aspect 
of the head are provided with pale hairs and weak spines. Ventrally the segments 
of the body are provided with 6 pairs of pro-legs as in other species of the genus 
Helophilus. The anterior larval respiratory cornua, by which the tracheal tubes 
open anteriorly at the junction of the first segment in the body, i.e., the pro- 
thoracic segment and the head are well seen in the adult larva. They are of an 
orange yellow colour. The tracheal tubes are light greyish yellow and present a 
zigzag appearance in the full-grown larva. Throughout their course they are seen 
to give numerous branches to the skin, the alimentary canal, the salivary glands and 
anteriorly to the head and the cesophagial frame-work. 

It is rather difficult to distinguish between the adult larva of Helophilus 
bengalensis (Wied.) and that of Enstalis quinquestrialus (Fabr.) which has also been 
bred at Pusa. They are very similar in general appearance, size, colour and many 
other details of external anatomy. The task of distinguishing between the two 
larvae will not be found difficult if the last segment in the tail of the larvae is 
examined. In the larva of Helophilus bengalensis (Wied.) it is pale yellow with the 
tip black, while in the larva of Enstalis quenquestriatus, it is uniformly pale yellow. 

Pupa (Plate LXVII, fig. /) — The larva under laboratory conditions feeds for 16 
days after which it pupates. For pupation it prefers moist saw-dust. 

The pupa is 18'5 mm. in length (body 9 mm., tail 8'7 mm.) and 4 mm. in 
breadth. It is of a light brown colour dorsally, and pale yellow on the ventral side. 
The dorsal surface is convex sloping abruptly at the anterior end. The ventral 
side is flat with paired patches of small spines indicating the retracted pro-legs. 
Dorsally are seen two small yellow larval respiratory cornua and a little behind 
them the two pupal respiratory cornua which are of a pale ochraceous colour. Each 
pupal respiratory cornu is 1 mm. in length. The upper half of its body is studded 
with small spiracles appearing as dot-like tuberculated structures. Each such 
spiracle is shown in Plate LXVII, fig. h. The pupal period is about 8 days. 
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Explanation of plates 


Pi-ate LX, B'accha pule Jin frons Austen 
36 ; b 3 young larva X 24 ; c, mouth parts of the larva highly magnified 
12 ; e, end view of the posterior respiratory appendage highly magnified 
the adult fly, female X 6. 


Plate LXI, Par apis serra bus .Fa be ictus 
5, full-grown larva X 12; c, mouth parts of the larva highly magnified; 
rior respiratory appendage highly magnified ; e 9 the pupa X 12; /, the adult 


Plate LXII, Sphmrophona java n a Wiedemann 
g x 36; h 9 chorion of the egg highly magnified ; c, young larva X 21 ; tf, full-grown 
end view of the respiratory appendage highly magnified;/, the pupa X 12 5 <7. the 


Plate LXIII, Sgrphns serarius Wiedemann 
X 12 ; h 9 mouth parts of the larva highly magnified ; c, end view of the 
.da ge highly magnified; d, the pupa X 9; e, adult fly, female X 6. 

Plate LXIV, Syrpk us halt eat us Dr Gees 
h, chorion of the egg highly magnified ; c, young larva X 30 ; d, mouth 
; e, full-grown larva X 12;/, end view of the posterior 
magnified ; p the pupa X 12 ; k, the adult fly, female X 6. 


a 9 The egg X 30; 
parts of the larva highly magnified 
respiratory appendage, highly 

Plate LXY, Syrphus conf rater Wiedemann 
a, Full-grown larva X 6 ; b, the pupa X 8 ; c, the adult male fly X 5. 

Plate LX VI, Syrphus isaaei sp. not 
a , Full-grown larva X 9 ; b, the pupa X 9 ; c, the adult, fly, female X 6. 

Plate LXVII, E'elophilus bengalemis Wiedemann 
a , The egg X 26; b, chorion of the egg highly magnified ; e, young larva X 6|; d, full-grown 
arva x 4; e, terminal portion of the respiratory tube highly magnified ; /, the pupa X 4; g, pupal 
respiratory cornu X 24 ; /*, a small spiracle of the pupal respiratory cornu highly magnified; i, the 
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I. Introduction. 

The Surma Valley in Assam comprises the districts of Sylhet and Oaehar. 
It is a flat plain with heavy clay to clayey loam soils. The river banks being 
naturally higher, the interior is interspersed with numerous natural depressions, 
called haors, the margins of which are used for the cultivation of spring rice (boro). 
Rice is the staple crop and is the mainstay of ninety per cent, of the people. 

The Government Rice Farm at Karimganj was started in 1914 with a view 
to study the rice crop and to recommend suitable high yielding varieties to the 
cultivators. The farm has been successful in so far that up-to-date twenty-two 
superior varieties including two hybrids have been recommended and distributed 
to the cultivators. The material dealt with in this publication is the result of 
observation and study by the writers on rice cultivated at the Karimganj Farm 
since 1921. 




1. Rainfall, 

The warm, moist climate of Surma Valley is very well suited to rice cultiva- 
tion. The rainfall, which is most essential for the successful cultivation of paddy, 
is copious and well distributed. Occasional high floods damage the crop very 
badly. The normal monthly and annual rainfall of the different sub-divisions in 
' Surma Valley is shown below : — 

Table I. 

The normal rainfall of the different sub-dividons of Surma Valley . 


Locality 

January 

February 

1 

£ 

May 

I 

5>» 

£ 

4 » 

I 

September 

October 

November 

December 

Sylhet 

•68 

1-40 

6-15 

13*75 

20*87 

30-91 

27*27 

25-22 

21*71 

9*41 

1*23 

*26 

Karimganj 

•86 

1*71 

8*63 

17*69 

2T50 

29*37 

23*85 

22*61 

18*45 

8*4 

1*34 

*47 

Moulvibazar 

•48 

1-42 

4-52 

11-39 

17-28 

20*37 

17*21 

16-05 

13-05 

6*45 

ri7 

*32 

Habiganj . 

•45 

1*24 

4*63 

9'68 

15*42 

19*74 

15*82 

14*23 

11-78 

5*90 

•83 

*27 

Sunaxngunj 

•36 

1*28 

5*10 

11-45 

20-77 

40*80 

47-04 

46*85 

31-44 

10*14 

*91 

*17 

Silchar . 

■ *75 

2-18 

7*53 

13-96 

15*19 

20*75 

17-45 

19-00 

14-39 

6*55 

1*43 

•45 

Hailakandi 

•84 

1*77 

7*20 

13-24 

15-69 

20-23 

17-29 

17*05 

12*7 

6-61 

1*24 

*47 

Average . . J 

•62 

1*57 

6*24 

13*02 

18-10 

26-02 

23-70 

23*00 

17*65 

7*64 

T16 

*34 


The annual normal rainfall in Surma Valley ranges from 99*29 in. in Habiganj 
to 216*31 in. in Sunamganj, the average being 139*06 in. The average highest 
rainfall is obtained in Jane. The period from June to August is the most rainy 
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and is the best time for sail cultivation, which is the main crop of rice in Surma 
Valley. 

2 . Area and distribution of Surma Valley rice. 

Rice covers an area of about seventy-three per cent, of the total area of crops 
* sown in the Province. The crop forecast of 1930-31 for Assam shows that the 

estimated total area under summer and autumn rice is 816,900 acres, winter rice 
3.417,200 acres, and spring rice, which is grown only in Sylhet district, 192.100. 

>. The following table shows the three years' average area under rice in Surma 

h, Valley as published in the crop forecasts of the Department of Agriculture, Assam. 

* from 1928 to 1930 


District 

Autumn 

rice 

Winter 

rice 

Spring 

rice 

Rice 

seedlings 

Total area 
under rice 

Net area 
sown 

Per cent, 
of area 
under 
rice 

Sylhet . 

Caehar . 

Total 

176,433 

26,800 

1,230,200 

212,300 

201,200 

50,000 

12,500 

1,657,833 

251,600 

2,120,983 

334,153 

78*1 

75*3 

203,233 

1,442,500 

201,200 

62,500 

1,909,433 

2,455,130 

, 

77-8 


In fact, about seventy-eight per cent, of the cultivated area in Surma Valley 
is under rice. 


II. Agricultural classes of rice. 

Various classes of rice are grown by the cultivators of Surma Valley including 
a large number of varieties suitable to different localities, depending mostly on 
the season and water requirements of the plants. They may briefly be described 
under four heads as follows : — 

/. Summer rice . 

The summer rice is generally known as broadcast aus and is grown on rela- 
tively higher areas. Its water requirement is comparatively less than that of 
other classes of rice. It is sown from March to May and harvested in June and 
July. It comprises three groups, viz., dumai, murali and chengri. The dumai 
(two months) is equivalent to sJidithd or sdthi (sixty days) rice of Bengal. It is 
the earliest of all and takes about fifty-five days from sowing to flowering. It 
is sometimes sown in low-lying areas very early so that it may be harvested be- 
fore the advent of the early flood. The murali and chengri are about ten days 
later than dumai and are likewise grown on the high land and cultivated in 
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the same way as dunm . Under favourable conditions broadcast aus will yield up 
to fifteen maunds per acre, 

2. Autumn rice . 

, The transplanted aus comes under the autumn rice. It is sown mostly in 
May transplanted after twenty to thirty days and harvested in August. It takes 
about seventy-five to eighty days from sowing to flowering and, owing to its 
longer period of growth and better cultural operations, its yield is higher than 
that of the broadcast aus m 

3. 'Winter rice* 

The winter rice comprises four classes, viz., (a) aman, ( b ) asm , (o) sail, and (d) 
birain . The aman * is a long-stemmed deep water rice having a prostrate stem 
which remains floating on water. After the water subsides, the stem falls flat 
bn the mud giving out roots at the nodes and tillers freely. It grows well in 
deep water ranging from six to twelve feet or even more. It is sown broadcast 
in March and April and harvested in November and December. It gives a higher 
outturn (up to thirty-five maunds per acre) than any other winter rice. 

The asm, as it is called in Surma Valley, is a shallow water aman which 
thrives well in three to six feet of water, i.e., on comparatively higher land than 
aman, but lower than sail. It is sown broadcast from March to June and harvested 
at the same time as aman. It yields up to thirty maunds per acre. 

The sail (transplanted aman) thrives well where the water does not rise above 
two feet. It is the most widely grown rice, and by far the best of all classes in 
quality. It is generally sown in June and July, transplanted from July to August 
and harvested in December. It gives an outturn of from twenty-five to thirty 
maunds per acre. 

The glutinous rice is generally known here as birain . It is not grown on a 
commercial basis but only in limited areas. Most of the varieties are coarse and 
highly glutinous. Considering its cultural and other plant characteristics most of 
the varieties belong to the sail class, while there are some in asm, aman and boro 
(spring rice), but none has been found in the aus class. The cultivation of birain 
is exactly like that of the class of rice to which it belongs. 


The spring rice (boro) is a marsh-land rice grown on the margin of heels 
and haors ^large natural depressions), which are left almost dry in the cold 

# Experimental work on aman and boro (spring rice) has not yet been taken up in Assam. 
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weather. Boro is sown in November, transplanted from December to January 
and harvested in April and May. The outturn ranges from thirty-five to forty 
maunds per acre. 

The description given above refers to cultivated rice only. It will not be out 
of place to mention heie the wild rice (0. satim var. fatua, Pram) locally known 
as Jhora (Than growing wild on the margin of tanks, ditches, haors, and is used 
for fodder. 

III. — Characters of rice. 

1. Varieties . 

A large number of samples of rice of the au$, sail t birain and asm classes were 
collected for experimental purposes at the Karimganj Farm. Although in no way 
exhaustive, the collection fairly represents the Surma Valley rices. The total 
number of named varieties collected up-to-date is 369, of which 703 types were 
isolated. In addition 175 different samples have been obtained from other provinces 
in India, Burma and foreign countries, and are under observation at the Karimganj 
Farm. 

The samples thus collected were named according to the versions of the culti- 
vators from whom they were collected. Sometimes the same variety has been 
differently named in different localities. For example, one variety which has been 
named as Bherapawa in Cachar and Karimganj. is known as Neealu in North Sylhet 
and South Sylhet, and Khemu in Habiganj. Similarly, six different samples are 
named as Balam although they differ in character in many respects. Moreover, 
the varietal names of some of the samples differ slightly in the different localities of 
Surma Valley, such as Kartica (an early sail variety named after the month of 
Kartic when it is harvested) in Silchar, Kati Sail in Karimganj , Kartic Sail in North 
Sylhet and Katyabhog in Habiganj. 

2. Flowering . 

In a previous publication the writers [Mitra, Gupta and Ganguli, 1926] have 
shown that the flowering of aus is periodically fixed, i.e.. they will flower in a definite 
length of time more or less irrespective of their date of sowing. The number of 
days from sowing to flowering does not vary with the date of sowing but it may 
vary with the climatic conditions. For sample, an aus such as As. 1 | e Tepi Dumai 
and M. fg- Baurash Murali, will take fifty-five and sixty-six days respectively from 
sowing to flowering, no matter when they are sown. On the other hand, the flower- 
ing of the winter rice is timely fixed, ie., they will flower at a particular time 
between the months of October and November irrespective of their date of sowing. 
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For example, a sail such as S. 22 Latisail or S. 154 Georgesail, will flower in the 
fourth week of October whether they are sown in June or September. The number 
of days from sowing to flowering in winter rice will, therefore, directly vary with 
the date of sowing, as the time of flowering is almost fixed, but it may slightly 
vary with the climatic conditions. 

The number of days from sowing to flowering varies from fifty-two to fifty-nine 
days in dumai , fifty-nine to sixty-six days in murali and chengri , and sixty-seven 
to eighty-five days in transplanted aus. The flowering period of sail and asm is 
longer and continues for a period of about thirty-four days commencing from the 
first week of October to the first week of November, and in birain it takes about a 



Co-efficient 
of variability 
per cent. 


3*79±1*0 
2*03 ± *11 


couple of weeks from the . middle of October. Some of the types collected from 
Madras and Burma flower very late. They are transplanted at the same time as sail, 
but they flower in the last part of November, while most of the local sail flower by 
the fourth week of October and not later than the first week of November. The 
tables following [ Tables II and III ] will show the actual figures on flowering. 


Table II. 


Showing variation in the number of days from sowing to flowering (flowering periodi- 
cally fixed). 


Class of rice 

No. of 
types under 
observation 

Range 

of 

variation 

Mode 

Mean 

Co-efficient 
of variability 
per cent. 

Broadcast ms a 

77 

52-66 days 

63 days 

61 days 

6-11 ±*33 

Transplanted mis . 

50 

67-85 „ 

Indefinite 

75 „ 

5*48 ±*37 


Table III. 

Showing variation in the date of flowering (flowering timely fixed). 


Asm » 


101 


22nd Oct. | 


3*57=1= -17 
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The time of flowering varies slightly from year to year. The length of the 
growing period varies a good deal with the climatic conditions ot the locality in 
which a particular variety is grown, as shown by Thadani [1928], 

0 - 3. Opening of flowers. 

Opening of rice flowers has been studied by Hector [1913], Parnell [1917], 

Bhide and Bhalerao [1927], Thadani [1928] and Sethi and Saxena [1930]. Observa- 
\ tions were made on the same lines at the Karimganj Farm with Surma Valley rices 

and the results corroborate those of other observers in many respects. One am and 
three sail types were studied at different times. Six ears of the aus and three ears 

1 of each of the sail types were taken together. The observations were made on two 
points, viz., {a) the number of days required for the opening of all the flowers in the 
ear, and (6) the time of day when the opening takes place. 

' (a) The number of days required for the opening of all the flowers in the ear 

was found to vary from five to nine days, the smaller ears taking a shorter period. 

Flowering was most vigorous from the second to the fifth day in most cases and the 
maximum rate of flowering was obtained on the second or the third. (Appendix I, 
f a and 6). 

(6) The time of day at which the rice flowers open varies with the climatic 
f conditions, as has been rightly observed by Thadani [1928]. In the rainy days 

flowering begins late and continues even up to 3 P.M., whereas on sunny days it is 
finished before 12-30 p.m. In both aus and sail flowering was vigorous from 10 to 
11 A.M., and had rain not intervened, most of the flowers would have completed 
opening by 11-30 a.m. It was also noticed that as the season advanced and got 
cooler flowering was delayed (Appendix I, a and b). 

4. Colour of vegetative and floral parts . 

The inheritance of colour combinations amongst the different types of Surma 
Valley rices has been studied in detail by the writers [Mitra, Gupta and Ganguli, 1 

1928], Separate groups were made in a broader sense overlooking the minor details. i 

For example, there are different shades of colour in the leaf sheath, such as, light 
pink, pink, purple, deep purple and so on, but they were all grouped into one class ; jj 

as 4 coloured Moreover, the location of colour differs in different types as with j 

other characters. The colour combinations of Surma Valley rice has been analysed j 

in the form of a chart of which a summary is given below. I, j 

Tight different groups of colour combinations are found in eighty-six types of j 

broadcast aus , the majority (eighty) of which belong to two groups and the rest in J j 

six different colour patterns. Moreover, in fifty-one types of transplanted aus there j ! 
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are fifteen groups of colour patterns. The real coloured types with distinctly coloured 
vegetati ve and floral parts are very rare in either broadcast or transplanted aus. 
The very slight pink or reddish colour in the leaf-sheath, apiculus and stigma is 
peculiar to ms and is very rarely found in other classes of rice. The reddish colour 
of the apiculus is found only in the lemma, while some of the bristles are only found 
coloured in the plumose stigma. 

Out of a population of 378 types in sail , twenty-six different colour patterns 
have been noted of which the first nine groups include most of the types (359), while 
the rest are mostly in singles. Similarly, twenty-four different colour patterns have 
been observed in seventy-five types of birain and considering the number of types 
(sixty) in this group the colour patterns are numerous. Furthermore, 107 asm 
types have been grouped into twenty different combinations, the first six of which 
include the majority (ninety-one) of the types while the rest are mostly in singles. 
In fact combining the five classes of rice altogether seventy -four independent colour 
patterns have been noted from a total number of 703 isolated pure types in Surma 
Valley rice. 

5 . Leaf, 


1 : 





A typical rice leaf comprises the sheath, blade, ligule and auricles. In measur- 
ing the leaf, only the leaf -blade has been taken into consideration. The first 
leaf is a mere scale and the second one is also a scaly structure but a little larger 
than the first. It is the third leaf which has the shape of a typical leaf bearing the 
blade. 

It has been observed that on the main culm there are about fourteen leaves in 
aus and nineteen in sail . The number of leaves on the main shoot is larger than 
that of the tillers, and the later the tiller comes out, the less is the number of leaves 
on it, although none has fewer than five or six. The length of the successive leaves 
is on the increase until the twelfth leaf in aus and the thirteenth or the fourteenth 
leaf in sail, after which there is a decrease in length. In sail the length of some of 
the intermediate leaves (eleventh to seventeenth) is approximately equal after which 
there is a decided fall. The flag or the boot leaf, which is the last leaf on each culm, 
is much shorter than some of its predecessors, but it is the broadest of all. In aus 
it is comparatively much larger than in sail. Except the very short ones, a leaf 
takes a little more than a week to complete its growth , 

The rate of growth in leaves is also on the increase up to a certain limit, i,e.. 
up to the seventh week in both am and sail , after which there is a gradual decrease 
with but slight variation until all growth is stopped in the eleventh week in aus 
and the nineteenth week in sail. 

In order to find out the average variation in the area of leaf-blade, the third leaf 
from the flag which is the longest in rice was measured. 


as 
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Table 1?. 


Showing variation in the area of the leaf-blade in rice . 



■ Class of rice 

No. of 
types under 
observation 

Range of 
variation in 
sq. cm. 

Mode 

Mean 

■ ■ 

Co-efficient 
of variability 
per cent. 


Broadcast cins 

122 

7-21 

11 

12*2 

24*07 A 1*19 


Transplanted mis 

89 

11-35 

13 

17*42 

34*32 ±2*14 


Sail .... 

100 

14-41 

25 

26*94 

20*42 ±1*01 


Birain 

57 

17-37 

23-25 

24*51 

21*66 ±1*51 


Asra .... 

113 

21-57 

41 

38*82 

16*05±0*74 


6. Transformation of inner glume colour . 

There is a relation of inner glume colour between the flowering and the mature 
stages. Some of the observations on Surma Yalley rices are noted below : — 

{a) Green inner glume generally ripens yellow, e.g., S. 22 (Latisail). 

(b) Brownish inner glume ripens brown, e.g., S. 36 (Larbong). 

(c) Brown inner glume ripens deep brown, e.g., S. 135 fMaina sail). 

(d) Blackish inner glume ripens black, e.g., S. 277 (Kalimekri). 

(e) Purple or deep purple inner glume ripens black or deep black, e.g., S. 2 f 7 

(Kalijira). 

(/) Mottled grains show the mottled character in the early stage, e.g., S. 20 
(Jam), S. 49 (Paikarchari), S. 23 (Terabali), etc. 

There are undoubtedly exceptions in each one of the above types of colour 
change although they are few in number. Moreover, inner glumes which remain 
green for a long time suddenly turn black just before maturity, as in S. 248 
i (Pakikola). The mottled characters also sometimes develop from the green colour, 

as in S. 226 (Madhumadhav). 

7. Tillering. 

* The rice plant has the capacity of producing a shoot from the axil of each leaf. 

But, except m deep water rice, tillers arise only from the base of the culm where the 
intemodes aie very short. In a well-developed plant all the culms appear to spring 
from a common point. The tillers are usually produced on alternate sides of the 
main shoot. These secondary shoots will in their turn produce tillers under favour- 
able conditions. 
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Under normal conditions plants begin to tiller a week after transplanting, the 
highest number of tillers being obtained in the seventh week in aus and the eighth 
week in sail . Sufficient space all round the plant favours tillering, although some of 
the late tillers either die or flower too late. 

Table V. 

Showing variation in tillering of rice. 



No. of 





Class of rice 

types 

under 

observa- 

Range of 
variation 

Mode 

Mean 

Co -efficient of 
variability 
per cent. 


tion 




Broadcast aus , 

39 

1-3 

2 

2*36 

22*03±1*75 

Transplanted aus 

28 

2-4 

4 

3*54 

16*10±1*48 

Sail 

116 

3-12 

6 

6*46 

25*74±1 *21 

Biram 0 

56 

2-11 

5 

5*3 

2 i *68 ±1*92 

Asra .... 

42 

5-14 

7 

8*19 

26*74±2*10 


Though tillering is a hereditary character, it varies greatly with climatic condi- 
tions and fertility of the soil. Tillers from ten normal plants were counted in each 
type whence the average* per plant was calculated. 

8. Straw . 

[a) Length of straw— -The length of straw mostly varies with the supply of 
water and the fertility of the soil, although the individual length depends much 
upon the hereditary character of the different types. The longer types are general- 
ly more liable to lodge than the shorter ones, but the strength of straw is directly 
related to lodging. Deep water rices are all of lodging habit. The length of straw 
was measured about a fortnight after flowering, when the growth of the plant was 
stopped. An average measurement of five plants was taken in each case. 

Table VI. 

Showing variation in the length of straw of rice. 


Class of rice 


Broadcast aus . 
Transplanted aits 
* Sail . 

Birain 
A sr a 


No. of 
types 
under 
observa- 
tion 


Range of 
variation 


2 ft, 4 in. -3 ft. 4 in. 2 ft. 9 ija. 

2 ft. 6 in. -3 ft. 8 in. 3 ft. 

2 ft. 8 in.-4 ft. 10 in. 3 ft. 8 in. 
2 ft. 10 in.-4 ft. 4 in. 3 ft. 4 in. 

4 ft. 8 in. -7 ft. 5 ft. 8 in. 


2 ft. 8*58 in. 

3 ft. 0*33 .in. 
3 ft. 9*05 in. 
3ft. 5*33 in. 
5 ft. 9*86 in. 


Co -efficient of 
variability 
per cent. 


7*43±*57 
9*51 ±*09 
9*16±*40 
9*31 ±*88 
9*56±*70 
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The average length of straw varies from 2 ft. 4 in. in broadcast aus to 7 ft. in 
asm * Tlie stem of asm S rows with the rise of water, so it varies greatly with the 
water-level. The straw of aman is even longer as has been stated before. 

(6) Strength of straw.- Bices with strong straw generally stand erect and have 
distinct advantage over those with weak straw which will invariably lodge. Very 
weak rices will lodge before flowering, while the less weak ones will lodge after 
flowering or before maturity. Lodging is a hereditary character but excessive 
vegetative growth or much water at the base during maturity may also cause 
lodging. 

Table VII. 


Showing variation in the percentage of weak and strong straw in rice. 



Almost all the broadcast aus types are weak while those of asm and aman are 
well-known for their lodging and floating habit. 


9. Internode. 

Internodes at the base of a culm are very short, but they increase in length 
from below upw ards. The number of internodes per culm varies with the length of 
the stem. The range of variation is from three to fifteen and is more in the case of 
deep-water aman » 

Table VIII. 


Showing variation in the number of internodes per culm in rice , 


A: 

Class of rice 

No. of types 
under 

observation 

Range of 
variation 

Mode 

Mean 

Co-efficient of 
variability 
per cent. 


Broadcast aus 

67 

3-5 

4 

3*8 

12 *63 ±074 

#" 

Transplanted arts . 

41 

3-6 

4 

4*3 

15*81 ±1*21 


Sail ..... 

367 

3-11 

7 

6‘9 

19*85±0*51 


Birain .... 

68 

4-9 

8 

7*1 

15*G7±0*96 


Asra ..... 

111 

6-15 

13 

10*8 

18*05±0*84 
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Comparing the above with the table for the length of straw it will be observed 
that the mean number of internodes increases with the increase of the mean length 
of straw in different classes of rice. 


10. Exsertion of peduncle. 

By <f exsertion ” is meant that portion of the peduncle which has emerged out 
of the sheath of the flag-leaf [ Copeland, 1924 ]. In cases where the length of the 
peduncle is less than the sheath the exsertion is nil , and a portion of the panicle is 
also enclosed within the sheath. This is a hereditary character. Some of the types 
have no exsertion, while others have peduncles “well exserted. In Surma Valley 
rices it varies from nil to 14*99 cm. Environmental conditions, such as tempera- 
ture and water supply, also modify it to some extent. It has been observed that 
the panicles of rice plants, grown in earthen barrels and suffering from lack of 
water during the flowering time, did not come out fully. Some of the very late sail 
types, flow r ering in the month of January, showed the panicles partially emerged. 

Table IX. 


Showing variation in the length of exsertion of ‘peduncle in centimeters. 


Class of rice 

No. of 
types 
under 
observa- 
tion 

Kange of 
variation 

Mode 

Mean 

Co-efficient of 
variability 
per cent. 

Broadcast aus . 

(54 

cm. 

0*00— 12*07 

cm. 

5*72 

5*66 

34*72^2*32 

Transplanted aus 

41 

1*27 — 14*99 

5*72 

6*00 

39*00^3*31 

Sail .... 

233 

0*00—13*34 

4*45 

5*72 

62*28 i 2*58 

Birain .... 

60 

1*25—12*5 

5*0 

5*27 

48* 19 ±3*50 

Asm 

56 

0*00—14*61 

3*18 

7*01 

50*26^3*91 


It has also been observed in transplanted aus and sail that the line types have 
mostly very long exsertions of peduncle. 


T1 . Awn. 

The awn is an extension of the superior inner glume (lemma). Its presence 
causes considerable inconvenience during threshing and husking the rice. The 
length of awn varies greatly in different rices. Those which have one inch or 
longer awns have been designated as c awned ’ those with less than an inch long awns 
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as ‘ short awned and those with quarter of an inch long or less as ' trace of awns ’ 
only. 

Awn character is very variable. The length of awns varies greatly in the same 
plant and in the same ear. They may be present in all spikelets or only in the 
more apical ones. 

Table X. 


Showing variation in the 'percentage of owned and aivnless types in rice. 


Class of rice 

No. of 

Percentage of 

types 

under 

observa- 

tion 

Long awns 

Awned 

Short awns 

Trace of 
awns 

Awn loss 

Broadcast aus , • 

89 

6*7 

21*3 

29*2 

42*8 

Transplanted aus , 

73 

9*8 

29*4 

23*5 

37*3 

Bail ..... 

373 

6*6 

8*0 

19*6 

65*8 

Birain . . 

55 

10*7 

14*6 

10*7 

64*0 

Asra . • • 

113 

14*0 

17*8 

14 ’9 

53*2 

Average percentage 

... ' 

9*6 

18-2 

19*6 

52*6 


The percentage of long awned and awnless types is found to be the highest in 
asm and sail respectively, and, on an average, there are 96 per cent, long awned 
and 52‘6 per cent, awnless types. The longest awns, such as that of Bherapowa or 
Kkemu, are as long as three in. or a little more. A few Java types have about five 
in. long awns. 

12. Panicle. 

There are mainly two forms of panicle, viz., the erect and the drooping. These 
are hereditary .characters and are scarcely modified by environment. Most of the 
cultivated rices have drooping panicles. Those with erect panicles are generally 
short and poor yielders ; they are very few in number. The branches of the panicle 
in wild rice are very spreading while most of the cultivated rices have rather close 
panicles. 

Besides these characters, a panicle may be either compact, medium or loose 
with regard to the number of spikelets per unit area. This is also a hereditary 
character. 
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Table XI. 

Showing variation in the percentage of different form? of panicle in rice . 


Class of rice 

No. of 
types under 
observation 

Compact 

Medium 

Loose 



Per cent. 

Per cent. 

Per cent. 

Broadcast aus . . . 

89 

1*5 

19*7 

78*8 

Transplanted aus .... 

73 

4*9 

78*0 

17*1 

Sail ...... 

373 

29*8 

53*5 

16*7 

Asra 

113 

75*4 

22*8 

1*8 


The percentage of compact types is found to be the least in broadcast aus and 
the most in asm, while that of the loose is just the reverse. Moreover, the percen- 
tage of medium types is the highest in transplanted mis and the lowest in broadcast 
am. Although compact panicles have generally a larger number of grains, the types 
with this character are not necessarily high yielders as they may be poor in tillering. 

(a) Length of panicle . — Like tillering, the length of panicle is also important in 
actual outturn. Panicles from five plants of each type were taken and their length 
measured in centimetres. 

Table XII. 

Showing variation in the average length of panicle office in centimetres . 


Class of rice 

No. of 
types 
under 
observa- 
tion 

Range of 
variation 

Mode 

Mean 

Co- efficient of 
variability 
per cent.* 

Broadcast aus . 

77 

cm. 

34—27 

cm. 

19 

19*12 

! Il*34± -88 

Transplanted aus 

49 

18—27 

23 

22*27 

16*72±l-54 

Sail . . . . 

272 

IS— 32 

26 

25*26 

7*64 ± -34 

Birain . 

57 

IS— 2S 

23 

23*95 

10*43± *67 

Am 

56 

18—28 

24 

23*46 

6-9S± -SI 


The average length of panicle varies from 14 to 32 cm. The length of the 
longest panicle has been found to be as much as 40 cm, in a birain and the shortest 
118 cm. in a broadcast aus. A few Java types possess very long panicles (about 
42 cm.). 


■ 







__ 
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(b) Number of branches per panicle.— The branches of the pani 
panicle itself are also erect or drooping. As a matter of fact, the 
responsible for the form, of a panicle. The number of branches per p 
from six to sixteen in Surma Valley rice. It has a correlation with ' 
panicle or the number of spikelets per panicle as will be discussed later, 


Table XIII 


Showing variation in the number of branches per panicle in rice. 


Co-efficient of 
variability 
per cent. 


(c) Number of spikelets per panicle. — Spikelets were counted from the panicles 
of the same five plants from which the length of panicle was measured. Although 
a hereditary character, the number of spikelets varies a good deal even in the same 
plant, while variation between different types is very well marked. 

Table XIV. 

Showing variation in the number of spikelets per panicle in rice. 


Class of rice 


Broadcast aus 


Transplanted aus 


Class of rice 

No. of types 
under obser- 
vation 

Range of 
variation 

Mode 

Mean 

Broadcast atis ..... 

73 

6 — 10 

8 

7*92 

Transplanted aus .... 

50 

6—11 

8 

8*10 

Sail ....... 

269 

6—16 

11 

11*36 

Birain 

57 

8—14 

9 

10*54 

Asm ...... 

56 

S— 16 

13 

12*89 


No. of types 
under obser- 
vation 

Range of 
variation 

Mode 

Mean 

Co-efficient of 
variability 
per cent. 

77 

40—160 

70 

68*57 

! 27-07±l-57 

51 

50—150 

80 

94*51 

23*36±1*63 

269 

60—396 

150 

166*54 

31*69±1*01 

57 

Cl 

l 

o 

o 

120 

122*81 

26*49±1*78 

56 

100—280 

200 

185*0 

2I*06±I*40 
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panicles of broadcast am are, on the other hand, loose and short, and contain less 
grains. The average number of grains per panicle varies from 40 in broadcast 
aus to 396 in sail. In a single panicle the largest number of grains (477) has been 
found in sail and the smallest (twenty) in broadcast aus. As reported by Jacobson 
[1916] the number of spikelets per panicle in Philippine rices varies from 50 to 478, 
while Thadani [1928] found it to range from 92 to 303 among Sind rices. 

13. Size of spikelets. 

The size of spikelets has been classified in various ways by different writers of 
which resume is given below : — 

(«) As regards shape of unhusked grains, Kikkawa [1912] distinguishes between 
the following : — 

(1) Long grain, in which the length is more than twice the breadth. 

(2) Short grain, where the length is less than twice the breadth. 

(3) Slender grain, where the length is greater than three times the 

breadth. 

He then sub-divides each of the above three into large, medium and small 
grains. 

(6) Graham [1913] divides spikelets of rice into four classes as follows 

(1) Long spikelets, when the length is more than four times the breadth. 

(2) Fine spikelets, when the length is more than three times the breadth. 

(3) Coarse spikelets, when the length is more than twice the breadth. 

(4) Pound spikelets, when the length is less than the breadth. 

(c) Beale [1927] divides the varieties of rice found in Lower Burma into five 
main groups according to size and shape of spikelets, as shown below. 


Length, mm. 

1. Emata Over 9-4 over « 

2. Letywezin S'40 to 9'8 2"8 to o'.> 

3. Ngasein 7'75 to WO 2-4 to 2'8 

4. Medon 7-35 to 8-6 2-0 to 2-4 

5 . Byat 9'0 to 11*25 2-25 to 3-4 

(d) In the United States [Copeland 1924] three groups of “kernels” are 
recognized : 

(1) Short, less than 6 mm. long. 

(2) Medium, 6 to 7 mm, 

(3) Long, 7 mm. or longer. 

To these Copeland [1924] has added two more. 

(4) Very short, less than 5 mm. 

(5) Very long, more than 8 mm. 


Ratio of length to breadth 


Over 3*3 
2*8 to 3*3 
2*4 to 2*8 
2*0 to 2*4 
2 ‘25 to 3*4 





1 


PLATE LX Vi IT. 




' yr ■, , ' 

' \jQOJ~lSt (A 

c\/y^d GC/o&v*') 



c£oy\jC^ (, O/tcvc. c | >vv>»v .") • 



*"* 

3yJjA-nx C T:'C' 'i : fM*j 




SfsMt i bd/nt % Hi 1 ) r 

m m 




; . Mtdm/n-% C&s 

^0 2/1? 


H 

4 

I 

. -a 

O . 

| 

«*» *** 

^ 4tKfc 


^ ■<-*- 


■ 6 iiii ^imi 7 *vno 

0 flf ’ 

rf^Kfev. '^aflOk. 

^ST 

'fvruu ( bot&w V5 


ckhv^- (&/bth/e, •? Mv**v. ) ”-^«*i8isk> 

— * **► 


. %^JkA, : ^d^^k IJ^ <7 


«*• «r 

S$jQ^b (^ hi§& 

■'•'r “ v;v,A;;.' 

«* -m 


Size and shape of unbusked grains (coarse, medium or fine refers to breadth, and long, intermediate or short refers 

to length of grains). 
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(e) Thadani [1928] lias classified tjhe Sind rices with regard to size and shape of 
unlmsked grains as follows 

(1) Long grained rice, length above 8*9 mm. 

(2) Medium grained rice, length between 7*9 and 8*9 mm. 

(3) Short grained rice, length below 7*9 mm. 

With regard to the breadth of unlmsked grains the Sind varieties were classified 
as follows ; — 


(1) Rices with slender grains, breadth less than 2 mm. 

(2) Rices with oval grains, breadth 2 to 2*5 mm. 

(3) Eices with flat grains, breadth more than 2‘5 mm. 

if) Sethi and Saxena [1930] divided 135 varieties of U. P. rices into fifteen 
different groups according to the colour of kernel as well as the size and shape of 
unhusked grains as follows 

Division I, white grain and Division II, coloured (red) grain. Both the divi- 
sions are grouped as follows : — 

Group A. — Slender grained, when the length is thrice or more than three 
times the breadth. 

Group B.— Long grained, when the length is more than twice the breadth but 
less than thrice. 

Group C. — Short grained, when the length equals twice or is less than twice the 
breadth. 

Each of the above groups is again sub-divided into large, medium and small. 

The size of spikelets varies considerably in different types of Surma Valley 
rices. The variation within the type is rather limited. The length, breadth and 
thickness of the unhusked grains (as placed on the table) were measured with a 
micrometer scale. Average of ten unhusked grains, selected at random was taken 
in each type. In determining the coarseness or fineness the breadth of the unhusked 
grains counts most, while the length adds to its intensity. The following classifica- 
tion has been found convenient to suit popular ideas about the size and shape of 
unhusked grains of Surma Valley rices : — 

Breadth Length 

Coarse — 3 mm. and above. Long — above 9 mm. 

Medium — 2*5 mm. to 2*9 mm. Intermediate — 7 mm. to 9 mm. 

Fine — * below 2*5 mm. Short — below 7 mm. 


To be elaborate the following may be added to the above : — 

Very coarse — 3*5 mm. and above. Very long — above 10 mm. 

Very fine — below 2 mm. Very short — below 6 mm. 

It may be noted here that a coarse, medium or fine spikelet may be either long, 
intermediate or short and vice versa (Hate LXVIII). 


* 
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Table XV. 



Showing variation tn the length, breadth and thickness of spikelets. 


The above table shows that the shortest spikelets are found m sail and tne 
longest in asm, while the finest are found only in transplanted aus and sail, and the 
coarsest in birain. 

Table XVI. 

Showing variation in the percentage of types having different sizes of spikelets. 


No. of 
types 
under 
observa- 
tion 


Breadth in mm, 


mm. 
’Below 2*5 


Broadcast aus 


Above 3 


Below 2*5 


Transplanted aus 


Above 3 


Below 2*5 


Above 3 


Below 2*5 


Birain 


Above 3 


Below 2*5 


Asm 


Above 3 


Total average percentage 


Class of rice 

No. of 
types under 
observation 

Length 

Breadth 

Thickness 

Broadcast aus 
Transplanted aus . 
Sail 

Birain . , 

Asra • 

89 

73 

373 

55 

113 

mm. 

6-28-S-4S 

6- 62-9-12 

5- 56-10-7 

7 - 24-10 -94 

6- 6-11-3 

1 

mm. 

2-5-3-16 

1-8-2-92 

1- 98-3-52 

2- 14-3-74 
2-6-3-5 

mm. 

1*84-2*16 

1*7-2*12 

1 *3-2*5 

1*74-2*4 

1 *9-2*5 

1 * *7 T i 7 


Length 


Below 

7 mm. 

7 to 9 
mm. 

Above 

9 mm. 

percent- 

age 

mi 

1*3 

Nil 

1*3 

6*7 

77-4 

Nil 

84*1 

5*3 

9*3 

Nil 

14*6 

mi 

22*0 

Nil 

22*0 

6*0 

70*0 

2*0 

78-0 

Nil 

Nil 

Nil 

Nil 

9*2 

10*4 

2*1 

21*7 

8*6 

31*3 

8*3 

48*2 

6*3 

22*6 

1*2 

30*1 

Nil 

1*8 

1*8 

3*6 

Nil 

21*8 

25*5 

47*3 

Nil 

41*8 

7*3 

49*1 

Nil 

Nil 

Nil 

Nil 

1*0 

24*0 

12*0 

37*0 

Nil 

56*5 

6*5 

63*0 

8*6 

78*0 

13*4 
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The percentage of fine spibelets is nil in asm, very few in bind n and broadcast 
aus > an< 2 ^he highest in transplanted mm and sail, while asm has the highest percent- 
age of coarse spibelets. The total average percentage shows the excess of inter- 
mediate spibelets to a great extent. Short spibelets are not met with in hirain 
and asm, but found only to a small extent in mis and about 22 per cent, in sail* 
Long spibelets are rarely found in am while they occur mostly in hirain , being about 
35 per cent, on average. 

Id. Kernel. 

(a) Size of kernel — The size of kernel corresponds to a large extent to the size 
of spibelets with a slight variation. 

Table XYII. 

Showing variation in the size of kernel in ten types of rice. 


Types of rice 

S pikelet 

Kernel 

J Difference 

Length 

Breadth 

Thickness 

Length 

Breadth 

Thickness 

' Length 

Breadth 

Thickness 


mm. 

mm. 

min. 

mm. 

mm. 

mm. 

mm. 

. mm. 

min. 

_ 138 _ 










D. — jr* Tepi Duma! . 

7*56 

2*64 

1*84 

5*30 

2*20. 

1*70 

2*26 

*38 

•14 

36 










.Vi. Baurash Murali . 

7*86 

2*66 

1*96 

5*60 

2*34 

1*80 

2*20 

*32 

*16 

As. 1 Lai aus . . 

8*66 

2*64 

1*94 

6*34 

2*22 

1*76 

2*32 

*32 

*18 

As. 3 Basraati 

7*32 

2*60 

1*86 

5*04 

2*24 

1*74 

2*28 

*36 

*12 

S. 22 Latlsail 

8*60 

3*00 

2*20 

6*02 

2*60 

1*96 

2*58 

*40 

*24 

S. 300 Dighaliata 

9*14 

2*00 

1*72 

0*26 

1*82 

1*56 

2*88 

•is 

*16 

227 

ECalijira . 

6*68 

2*32 

1*70 

4*50 

2*00 

1*50 

2*18 

*32 

*20 

B. 16 Puspabirain 

10*94 

2*92 

2*00 

7*52 

2*30 

1*78 

8*42 

*62 

*22 

Ar. 28 Birpak 

8*70 

3*40 

2*30 

6*20 

3*00 

2*10 

2*50 

*40 

*20 

Ar, 64 Joalbbanga 

11*30 

2*80 

2*10 

8*20 

2*40 

1*00 

3*10 

*40 

*20 

Average. . . 

8*68 

2*70 

1*96 

6*10 

2*32 

1*78. 

2*58 

*38 

*18 


The variation in the column of difference is from 2*18 to 3*42 in length, 0*18 to 
0*62 in breadth, and 0*12 to 0*24 in thickness which is the least variable. 

(b) Consistency of kernel. — Consistency., i.e.. the hardness or softness of kernel 
can be ascertained by cutting midway across the kernel. Those showing a trans- 
lucent surface are hard or corneous and those showing a white opaque surface 
are soft. The latter are glutinous rice and they belong to the birain class. Among 
the non-glutinous rice some are entirely translucent while some have opaqueness in 
the centre or in the abdomen. It has been observed that most of the coarse rices 
are abdominal opaque while the majority of the fine are translucent. 

e 2- 
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Table XVIII. 

Showing variation in the percentage of translucent and abdominal opaque rices in 
relation to coarseness or fineness of grains. 


No. of 
types under 
observation 

Translucent 

Abdominal opaque 

Coarse 

Medium 

Fine 

Coarse 

Medium 

Fine 

89 




14*7 

85*3 


73 

• » 

6*4 

6*4 

. . 

78*7 

8*5 

373 

4*1 

20*3 

17*5 

30*0 

17*8 

0*3 

108 

1*1 

11*2 

*• 

61*8 

25*9 

•* 


2*7 

21*1 

11*4 

30*5 

33*4 

0*9 


Class of rice 


Broadcast aus 
Transplanted aus 
Sail . 

Asra 


Total average 


Out of 33'2 per cent, of coarse rice only 2 - 7 per cent, are translucent and the 
rest are abdominal opaque, while out of 12'3 per cent, of fine rice only 0'9 per cent, 
are abdominal opaque, i.e., 8*1 per| cent, of the coarse rice are translucent and 7'3 
per cent, of the fine rice are abdominal opaque. Altogether 35‘2 per cent, of the 
Surma Valley rice have been found to be translucent and 64'8 per cent, abdominal 
opaque. There is no translucent rice in broadcast aus. In transplanted aus and 
asra the percentage of translucent rice is 12'8 and 12*3 respectively. About 52 
per cent, of sail is translucent which is thus decidedly a better class of rice 
than others. 

(c) Colour of kernel . — The colour of kernel in different types of rice is either 
red, white or amber. 

Table XIX. 


Showing variation in the percentage of colour of kernel in rice. 





No. of 

Percentage of colour of Icemel 

Class of rice 



types under 







observation 

Red 

White 

Amber 

Broadcast aus .... 



89 

97*7 

2*3 

Nil 

Transplanted aus 



73 

82*4 

17*6 

Nil 

Sail 



373 

10*3 

86*8 

2*9 

Birain ..... 



55 

50*7 

49*3 

Nil 

Asra ..... 



113 

48*7 

42*0 

9*3 

Total average 

• 

•* 

58-0 

39*6 

2*4 


Except two, all the types in broadcast aus have red kernels while most of the 


types in transplanted aus are also red. The percentage of white kernel in sail is 
very high in relation to red and in birain they are almost equal in number. In 
asra, red kernel is slightly more frequent than white kernel, The amber colppi pf 
kernel is found only in sail and asra in low percentages, 
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| 15. Shedding habit. 

\ tc Tightness of grains ” is a factor of some economic importance, and it is 

invariably a hereditary character. As noted by Copeland [1924] some of the rices 
become looser as they approach ripeness, while some are tighter when fully ripe 
than shortly before that time, but no regular study has been made of this character. 

; 4 ■ Some of the rices in Surma Valley, which shed their grains easily, are known as 

j saiamom. They are found mostly in sail and in a few aus rices. They, as a class, 

shed so badly on maturity that they have to be harvested before the usual ripening 
[ time to avoid loss of grains in the field. On the other hand, there are others like 

-I * Latisail, Mulasail, etc., which are so tight that it is not possible to thresh out 

all the grains unless subjected to severe threshing. However, the rices with the 
I medium character occur in large numbers. In Surma Valley, where harvesting is 

| done by hand, and threshing by bullocks, high yielding types with moderate tight- 

ness are mostly desired. 

16. Maturity. 

In studying a large number of Philippine varieties of rice Crisostomo [ 1915 ] 
found that the time from flowering to maturity varies from eleven to sixty -nine 
days, the average being about thirty -three days. Sind rices have been found by 
Thadani [1928] to vary from twenty-four to fifty -three days, while at Larkana the 
! variation was from ten to eighty days. In Surma Valley, such extreme variations 

* are not met with. In aus it varies from twenty -five to thirty days and in sail and 

asm from thirty to forty days. But some of the types obtained from Burma, 

Madras and Philippine Islands took forty-five to fifty days to mature. 

The problem that confronts the cultivators of Surma Valley in point of 
maturity lies in the fact that a major portion of this area is flooded every year 
during the rains. The cultivators are sometimes compelled to harvest their ms 
crop a few days earlier than the usual time for fear of the crop being submerged 
by flood or stagnant rain water which often does considerable damage to the crop. 

On the other hand, in the winter season the harvesting of the sail crop is sometimes 
- * continued late owing to the scarcity of labour. 

| In order to find out w r hether the percentage of germination or weight of grains 

' are affected by this early or late harvesting, data were collected carefully for three 

f years. One variety each of broadcast and transplanted aus , sail, and asm were 

I „ selected for the purpose. Ten ears of each variety were collected on every 

alternate day from the tenth day of flowering up to the fiftieth day. 500 grains of 
each day's collection were weighed and the germination of 100 grains were tested, 
i (&) Weight of unhuslced grains. — In both broadcast and transplanted aus, the 

j weight of unhusked grains reaches its maximum on the twenty-sixth day and ; j 

i practically remains the same with a slight variation up to the fiftieth day (Appen- ; 
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dix II), In sail it reaches the maximum on 1 the thirtieth day and in asm on the 
thirty-fourth day. No marked rise or fall is noticed up to the fiftieth day in 
either case. Continuous drought or heavy rains may cause the grains to mature 
early or late respectively to a certain extent, 

(b) Percentage of germination — It has been observed that more than 90 
per cent, germination is obtained on the thirtieth day in broadcast aus, thirty- 
second day in transplanted mm and sail , and thirty-eighth day in asm. The 
germination does not deteriorate even if the crop remains in the field up to the 
fiftieth day under dry conditions (Appendix II). But, on the contrary, if the 
crop lodges in the standing water below, most of the grains will either germinate 
as in axis or lose their germinating capacity as in sail and asm. 

The above results indicate that the mature grains attain the average weight 
on the twenty-sixth day in mis, thirtieth day in sail, thirty-fourth day in asm , 
while 90 per cent, of germination is obtained on the thirtieth day in broadcast 
aus, thirty-second day in transplanted aus and sail , and thirty-eighth day in asm. 

17. Hull 

Bice grains are enclosed by the inner glumes, lemma and palea. which together 
constitute the hull. Both the size and thickness of the hull contribute to its total 
weight. Ten types of each of the different classes of rice were examined and 200 
grains of each type were weighed with and without the husk. The percentage of 
hull was found to vary from 8*0 to 41*9 with an average of 23*6. Stok showed the 
percentage of hull to range from 15*8 to 23*0 in fifty varieties tested at Buitenzorg 
[Copeland, 1924]. In Sind rice Thadani [1928] found it to vary from a little 
over 18 to 22 in different varieties. 


Table XX. 

Showing variation in the 'percentage of hull in rice . 


Class of rice 

No. of 
types under 
observation 

Average 
Weight of 
grains in 
grms. 

Average 
weight of 
kernel in 
grms. 

Percentage 
of hull. 

Broadcast aus . . 


10 

4*23 

3*35 

20*29 

Transplanted aus . 

■' * j 

10 

3*75 

3*00 

20*63 

Sail ■ , , # 

* 

10 

3*69 

2*78 

, 24*90 

Birain 

A 

10 

5*21 

3*87 

26*11 

Asra f . 

• 

10 

. 5*15 

3*81 

26*00 

Total average 

* 

• • 

4*40 

3*36 

23*58 





SURMA VALLEY RICES AND THEIR CLASSIFICATION 80S 

As tlie hull is a total waste in the grain, a low percentage of it is a distinctive 
quality in milling the rice. No definite relation could be observed between the 
size of grain and the percentage of hull, but the husks of the am types are thin 
and those of asm and hirain are thicker and consequently heavier as is shown in 
Table XX above. 


18. Yield . 

The yield of rice usually depends on the normal vegetative growth and the 
normal distribution of rainfall, the latter of which is the most important. It also 
depends on the length of straw, tillering, length of ears and the number of grains 
per ear. The period of growth as well as the fertility of the soil also play an 
important part. It has been observed that tillering and length of straw have a 
relation to yield. This is discussed later. 

Like' other characters yield is also a hereditary character although the environ- 
mental conditions affect the yield to a large extent. When grown under similar 
conditions some of the types will yield better than others, while there are some 
that will thrive in a particular water-level or in a particular kind of soil. 

Table XXL 

Showing- variation in yield in tolas per 100 -plants of each type . 


Class of rice 

No. of 
types 
under 
observa- 
tion 

Range of 
variation 

Mode 

Mean 

Co-efficient of 
variability 
per cent. 

Broadcast aus .... 

39 

11-32 

21 

19*38 

22*29 it 1*77 

Transplanted aus 

28 

20-47 

35 

34*68 

18*83ihl*75 

Sail 

116 

60-170 

330 

123*36 

18*0S± *82 

Asra 

42 

160-420 

270 

251*9 

22*71±1*75 


The yield varies from 11 tolas in broadcast aus to 420 tolas in asm. It 
may be noted here that single seedlings were transplanted in each case. 

IY. Correlation of characters in rice. 

Correlation of characters in rice has been studied by Bhide and Bhalerao [1927] 
and Sethi and Saxena [1930]. While studying the above characters of the Surma 
Valley rices, various degrees of correlation both positive and negative were noticed 


m 
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I between different characters among the types of Surma Valley rices which may be 

j ; • summarised as follows 

ft I Table XXII, 

» hi ", 

■ I Showing correlation between number of spilcelets per panicle and length of the panicle „ 



Coefficient 
of correlation 


Remarks 


Class of rice 


Correlation close 


Broadcast aus 


Transplanted aus 


preciable 

Ditto 


Ditto 


Birain 


Correlation close 


The correlation between the number of spikelets per panicle and the length of 
the panicle is close in broadcast aus and asra while in other cases it is appreciable* 

Table XXIII. 

Showing correlation between number of spikelets and number of branches per panicle . 


Class of rice 


Correlation 

close 


Broadcast aus. 


Correlation appreci- 
able 


Transplanted aus 


Ditto 


Correlation close 


Birain 


The correlation between the number of spikelets and the number of branches 
per panicle is quite close in birain and asra, fairly close in broadcast ms and appre- 
ciable in others. 


No. of 
types 
under 
observa- 
tion 

Mean No. 
of 

spikelets 

Mean 
length of 
the panicle 
in cm. 

77 

68*57 

19*09 

51 

94*51 

22*23 

269 

166*54 

24*76 

57 

122*81 

23*95 

56 

185*00 

23*46 


No. of 
types 
under 
observa- 
tion 

Mean No. 
of 

spikelets 

Mean No. 
of 

branches 

Co-efficient 

of 

correlation 

73 

75 07 

7*92 

0*48±*06 

50 

98*20 

8*10 

0*30 i *08 

269 

166*54 

11*36 

0*32±‘04 

57 

122*81 

10*54 

0*77±*O4 

66 

185*00 

12*89 

0*77£*04 
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Table XXIV. 

Showing correlation between length of panicle and length of straw. 


■ i 

Class of rice 

No. of 
types 
under 
observa- 
tion 

Mean 

length 

of 

panicle 
in cm. 

Mean 

length 

of 

straw in 
inches 

Co-efficient 

of 

correlation 

Remarks 

Broadcast aus. 

77 

19*12 

32*58 

0*19±*07 

Correlation slight 

Transplanted aus . 

49 

22*27 

36*33 

0*28±*09 

Correlation rather 

appreciable 

Sail .... 

272 

25*26 

45*05 

Q*41±*03 

Correlation fairly 

close 

Birain .... 

57 

23*95 

41*33 

0*36±*08 

Correlation appreci- 
able 

Asm .... 

56 

23*46 

69*86 

0*11±*09 

Correlation slight 


The above results show that correlation between the length of panicle and the 
length of straw is fairly close in sail, appreciable in birain, rather less appreciable in 
transplanted am and slight in others. 

Table XXV. 

Showing correlation between yield and tillering of rice . 


Class of rice 

No. of 
types 
under 
observa- 
tion 

Mean 
yield 
in grms. 
per 100 
plants 

Mean 
No. of 
tillers 
per 
plant 

Co-efficient 

of 

correlation 

Remarks 

Broadcast aus . 

39 

219*78 

2-36 

0*22±-10 | 

Correlation rather 

appreciable 

Transplanted aus . 

28 

393*27 

3*54 

0*39±*10 

Correlation appreci- 
able 

Sail . . , 

116 

1,398-90 

6*45 

0*25±*06 

Correlation rather 

appreciable 

Asra .... 

42 

2,856-55 

8*19 

0*22±'09 

Ditto 


The correlation between the yield and the tillering is quite appreciable in 
transplanted aus and rather less appreciable in others. 



The amount of correlation also varies a good deal in yield and length of panicle. 
It is appreciable in asm, rather less appreciable in broadcast aus, slight in sail and 
negligible in transplanted aus. Moreover, correlation is positive in broadcast mis 
and asm and negative in others. 


Broadcast aus . 


Transplanted aus 
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Table XXVI. 

Showing correlation between yield and length of. straw. 


Broadcast aus. 

39 

219*78 

32*44 

0*42 ±*04 

Correlation fairly 

close 

Transplanted aus . 

28 

393-27 

36*89 

0*32 ±*02 

Correlation appreci- 
able 

Sail ...» 

116 

1,398*90 

51*53 

— 0-10±-06 

Correlation appreci- 
i able and slight 

Asm .... 

42 

2,856*55 

1 

80*29 

0-07±-10 

j Correlation negligible 


The amount of correlation between the yield and the length of straw varies a 
good deal in different classes of rice. In sail it is negative while in others positive. 
Correlation is fairly close in broadcast aus, appreciable in transplanted aus, slight in 
sail and negligible in asm. 

Table XXVII. 

Showing correlation between yield and length of -panicle. 


No. of Mean Mean 

types yield length Co -efficient 

Class of rice under in grms. of of Remarks 

observa- per 100 panicle in correlation 
tion plants cm. 


219*78 

393*27 

1,398*90 

2,856*55 


0*25±*10 Correlation rather ap- 
preciable 

— 0*04 ±‘10 Correlation negligible 

— 0*14±*05 Correlation rather 
slight 

0*37 ± *09 Correlation appreci- 


19*05 


22*43 

26*16 


25*19 



% 
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Table XXYTII. 


Showing correlation between yield and number of days from sowing to flowering. 


Class of rice 

No. of 
types 
under 
observa- 
tion 

Mean 
yield 
in grins* 
per 100 
plants 

Mean No. 

of days 
from sow- 
ing to 
flowering 

Co-efficient 

of 

correlation 

Remarks 

Broadcast aus. 

39 

219*78 

59-0 

0-12±-10 

Correlation slight 

Transplanted mis . 

28 

393-27 

74*0 

— 0*14±*1Q 

Ditto ' J; 

Sail ...... 

116 

1,398-90 

136*57 

G*23±*06 

Correlation rather ap- 
preciable 

Asra .... 

42 

2,856*55 

174*85 

0‘35±*09 

Correlation appreci- 
able 


The correlation between yield and the number of days from sowing to flowering 
is negative in transplanted aus and positive in other cases. It is appreciable in asm, 
rather appreciable in sail and slight in both broadcast and transplanted aus. 


Showing correlation between tillering and length of panicle . 


Class of rice 

No. of 
types 
under 
observa- 
tion 

Mean 
No. of 
tillers 
per 
plant 

Mean 
length of 
panicle 
in 
cm. 

Co -efficient 
of 

correlation 

Remarks 

Broadcast aus . 

39 

2*32 

19*05 

— 0*23±TO 

Correlation rather ap- 
preciable 

Transplanted aus . 

28 

3-48 

22*43 

~~0*25±T2 

Ditto 

Sail * 

116 

6-45 

26*16 

—0*38±*05 

Correlation appreci- 
able 

Asra . * . • 

42 

8*19 

25*19 

— 0*11 ±*io 

Correlation slight 


From Table XXIX it will be seen that the correlation between tillering and 
length of panicle is negative in all cases. The correlation is appreciable in sail , 
rather less appreciable in broadcast aus and transplanted aus, and slight in asm. 


jj 



598 


INDIAN JOURNAL OF AGRICULTURAL SCIENCE 


til, n. 


Table XXX. 


Showing correlation between tillering and length of straw. 


Class of rice 

No. of 
types 
under 
observa- 
tion 

Mean 
No. of 
tillers 
per 
plant 

Mean 
length of 
straw 
an 

inches 

Co-efficient 

of 

correlation 

Remarks 

Broadcast aus. 

39 

2*32 

32*44 

— 0*27 ± ’10 

Correlation rather ap- 
preciable 

Transplanted aus . 

28 

3*48 

36*89 

0*19± *12 

Correlation slight 

Sail . 

116 

6*45 

51*53 

— 0*41 ±*05 

Correlation fairly 

close 

Asra . 

42 

8*19 

80*29 

— 0*01 i *10 

Correlation negligible 


The correlation is negative in all cases except in transplanted aus. It is fairly 


close in sail, rather less appreciable in broadcast aus, slight in transplanted aus and 
negligible in asm. 

The girth of the stem near the ground level is definitely correlated to the length 
of straw and panicle as has been observed by Joshi and Gadkari [1923]. The bigger 
the girth the longer is the stem or panicle. Tables XXXI and XXXII will 
show the degree of correlations in each case. 

Table XXXI. 


Showing correlation between girth of internode and the length of straw. 


Class of rice 

No. of 
types 
under 
observa- 
tion 

Mean 
girth 
in cm. 

Mean 

length 

of 

straw 
in cm. 

Co-efficient 

of 

correlation 

Remarks 

Sail . 

206 

2*08 



Correlation close 

The correlation here is close. 

Table XXXII. 

Showing correlation between girth of internode and the length of panicle. 

Class of rice 

I No. of 
types | 
under 
observa- 
tion 

Mean 
girth 1 
in cm. 

Mean 

length 

of 

panicle 
in cm. 

Co-efficient 

of 

correlation 

f". 

Remarks 

Sail • o • • 

206 

2*08 

26*0 

0-44±-04 

Correlation fairly close 


The correlation here is fairly close. 
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■ V. Classification. 

The need of botanical classification of rice has long been felt from all quarters. 

The agricultural classification, as described before, mainly depends on the water 
requirements of plants and the time of flowering and ripening of grains. This 
method of classification is no doubt of great economic value but it does not satisfy 
the requirements of scientific classification. In fact, in such a vast area where rice 
is cultivated under various conditions, it is rather difficult to classify it without any 
definite standard. Some fixed characters may, therefore, he chosen as has been 
done by both Kikkawa [1912] and Graham [1913]. They pointed cut clearly the 
defects of agricultural classification and have advocated the characters of grains as 
the only basis of botanical classification. Beale [1927], Thadani [1928] and Sethi 
[1930] have worked out a system of classification on this basis in Burma, Sind and 
United Provinces respectively. In our work with the Surma Valley rice we have 
also tried to classify the isolated types according to unhusked grain characters alone, 
as has been stated, when dealing with the size of spikelets. 

Apart from the size of spikelets, the awn, consistency of endosperm, and colour 
of kernel and inner glume have been used as a basis for this classification. The 
kernel may be either white, red or amber, while the inner glume may have a wide 
range of variation. In fact, the inner glume colour is the most prominent character 
that attracts the eye of the observer in a sample of rice. It has been divided into 
four groups, viz., (i) yellow, (ii) brown, (iii) black, and (iv) mottled, which are the 
main colour characters of Surma Valley rice. It may safely be said that the basic 
colour of the inner glume is green at the outset and changes to yellow unless any 
other colour develops on it. The other tw ? o colours, wz., the browm and the black, 
develop on this yellow basic colour during maturity. This is evident from the fact 
that even in a brown or black coloured rice the undeveloped spikelets or the empty 
glumes always show the yellow as the basic colour with a shade of brown or black, j; 

as the case may be. Where the development of brown or black colour is not com- 
plete in the mature grain, it shows yellow colour in patches, which has been brought I ; 

under one group — the mottled. Moreover, the intensity of any colour, such as deep, 
medium or light has been taken together in the same group in each case, while all 
those showing the combination in patches or in stripes have been taken as mottled. 

In order to facilitate the arrangement of individual types in different groups, 
the simple alphabetical characters have been used in the key to the scheme of classi- 
fication with a view to name them definitely, as has been done in arranging the rice i i 

specimens of Surma Valley in the botanical laboratory at Karimganj. These | 

alphabetical characters show the respective grain characters of each individual 
variety as well. For example, Latisail (S. 22), Georgesail (S. 153), and Basmati 1 

(As. 3) have been designated as A x B x C 2 D 2 E x F x , A x B x C x D 2 Ej F 2 and A x B x 1 
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D 2 E x Pj respectively as shown in the key below and this has been followed in the 
case of all the other known types of rice in Surma Valley. 

It may also be pointed out here that seventeen different characters of the un- 
husked grain have been dealt with in this classification, which may be combined 
with each other to fall into 432 possible combinations of which the majority are 
wanting. In the following chart 703 types of rice have been classified according to 
unhusked grain characters alone. 


Key to the classification of Surma Valley rice. 


Kernel 

Inner glume 

No. of 
types 



Aj — Noil-glutinous . 



— Awnless 

C a — Coarse . 

Dj — Long . 

Ei — White 

Pj — Yellow . 

3 





P 4 — Mottled . 

2 




E 2 — Red . 

F a — Brown 

1 





P 3 — Black 

2 



D 2 — Intermediate 

Ej — White 

F* — Yellow * 

29 





P 2 — Brown 

9 





F s — Black 

4 





F 4 — Mottled . 

IS 




E 2 — Red . 

F 3 — Yellow * 

21 





F 2 — Brown 

1 





F 4 — Mottled . 

II 




E s — Amber 

Bi — Yellow . 

8 





F 4 — Mottled . 

1 



D 3 — Short . 

Ei-— White 

Fj — Yellow . 

7 





IV- Mottled . 

IS 




| E 2 — Red- • . 

Fj — Yellow . 

2 


C 2 — Medium . 

I Dj — Long . 

Ej — White 

Fj — Yellow . 

8 





F 2 — Brown 

12 




E 2 — Red . 

Fj — Yellow . 

2 





F 2 — Brown 

2 


PffPF ’ : 
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Kernel 

Inner glume 

No. of 
types 

B it — Awnless . C\ — Medium . IX — Intermediate. 

Ei— White 

— Yellow 

58 



F 2 — Brown 

11 



F 3 — Black . . 

2 



F 4 — Mottled . 

19 

' 1 ■ 

5 

E 2 — Red . 

Fj — Yellow" . 

42 

i 

■ s 


F 2 — -Brown 

12 



Fy — Black . 

7 



F 4 — Mottled , 

35 


Ey — Amber 

Fj — Yellow . 

1 

D y — Short . 

E 4 —White 

F x — Y ellow , 

12 



F 3 — Black 

4 



F 4 — Mottled . 

10 


E*— Red 

F x — Yellow . 

7 

0 3 — Fine . D* — Long . 

E 4 — White 

Fj — Yellow . 

1 



F 2 — Brown 

2 

D 2 — Intermediate 

Ej— White 

F 2 — Yellow . 

0 



F a — Brown . 

2 



F 3 — Black 

I 



F 4 — Mottled . 

12 

X) 3 — Short . 

E 2 —White 

Fj — Yellow , 

14 



F 3 — Black 

7 



F 4 — Mottled . 

6 

B 2 — Awned * Cj — Coarse . Dj — Long . 

E 2 — White 

Fj — Yellow . 

2 


E s — Red » . 

Fj— * Yellow . 

1 



F 4 — Mottled . 

2 

D 2 — Intermediate 

E 2 — White 

F 2 — Yellow ‘ . 

33 



F 3 — Black . 

1 



F 4 — Mottled . 

11 
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Inner glume 


Kernel 


Fj — Yellow 


Do — Intermediate . E 2 — Red 


C 2 — Coarse 


Fo — Black 


F 4 — Mottled 


E 3 — Amber 


F*— Yellow 


-White 


F,— Yellow 


D,™ Short 


F 4 — Mottled 


Et — Whito 


•Yellow 


Co — Medium 


Fo— Brown 


F 4 — Mottled 


F 2 — Brown 


F 4 -Mottled 


D 2 — Intermediate E 2 — White 


F, — Yellow 


Fo ^-Brown 


F 4 — Mottled 


-Yellow 


•Brown 


F 3 — Black 


F 4 — Mottled 


F 4 — Mottled 


I> 3 — Short 


D 2 — Intermediate E 2 — White 


F-, — Yellow 


F 2 — Brown 


F 3 -Black 


F 4 — Mottled 


Fi — Yellow 


Ei — White 


F, — Yellow 


D 3 — Short 


F 2 — Brown 


F 4 — Mottled 
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Kernel 

Inner glume 

No. of 
types 

A.,— -Glutinous 


» 


Bj — Awnless . Cj— Coarse . D x — Long 

White 

F 4 — Mottled . 

3 

Dj, — Intermediat e 

E| — White 

F 2 — Brown 

1 



F 4 — Mottled . 

10 


B a — Red . 

Fj — Yellow . 

2 



F 2 — Brown 

i 



F 3 — Black 

4 



F t - — Mottled . 

5 

CL — -Medium . .D 1 ~-->Long . ' 

Ej — White 

F 2 — Brown 

2 



1^— Mottled , 

3 


Ejj—Red . 

F 4 — Mottled . 

1 

I) a — Intermediate 

E 3 — White 

F 2 — Brown 

2 



F 4 — Mottled . 

2 

B a — Awned . C 1 — Coarse . D 1 — Long . 

E 3 —White 

Fo — Brown 

1 


E 3 — Red . 

F 4 — Mottled . 

2 

IL — Intermediate 

E 2 — Red . 

F 3 — Black 

5 



F 4 — Mottled . 

2 

O-s — Medium » Bj — Long • 

Ej — -White . 

Fj — Yellow . 

9 



F 4 — -Mottled * 

1 


E a — Red . 

F 4 — -Mottled . 

3 

0 3 — Fine . D 3 — Long • 

E 2 — Red • 

F x — Yellow . 

I 



Total 

703 
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(a). D. — Baurash Dumai aus. 


Ho, of flowers opened at different; times 


Remarks 


Weather 


Average 
tempe- 
aiu re- 
mini- 
mum 
83°F. 
maxi- 
mum 
86*6°F. 


6th August 


27th August 


28th August 


Rainy 

morn- 

ing 


29th August 


30th August 


3 1st August 


1st September 


!nd September 








SURMA VALLEY RICES AND THEIR CLASSIFICATION 


No, of flowers opened at different times 


Per 

cent. 


Remarks 


Average 
tempe- 
rature* 
mini- 
mum 
78 °E. 
maxi- 
mum 
81TT?. 


Rainy 


9th 'October 


10th October 


11th October 


12th October 


13th October 


14th October 


loth October 


lftth October 




• • 
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Maturity of rice, 


Ay. percentage of germination 


No. of days from 
flowering 


Trans- 

planted 

aus 


Broad- 

cast 

aus 


Av. weight of 500 grains in grms. 

Broad- 

cast 

aus 

Trans- 

planted 

aus 

Sail 

Asm 

2*65 

1*65 

3*28 

3*10 

3*80 

3*10 

3*95 

3*65 

3*80 

3*75 

5*40 

5-30 

4*35 

4*50 

6*10 

7*10 

7*04 

6*40 

8*45 

7*50 

8*08 

7*15 

10*03 

10*30 

8*81 

7*80 

11*28 

11*10 

8-97 

8*05 

11*38 

12*45 

10*00 

9*20 

11*98 

12*25 

9*74 

9*08 

12*53 

13*13 

10*18 

8*98 

13*05 

13*63 

10*50 

9*50 

12*75 

13*65 

9*35 

9*40 

12*80 

14*05 

9*95 

9*40 

12*98 

14*10 

9*54 

9*23 

13*05 

13*55 

9*36 

9*80 

13*30 

14*03 

10*33 

8*60 

12*90 

14*20 

9*63 

8*90 

13*14 

14*98 

8*80 

!■ •• • . 

8*80 

13*00 

14*70 

9*40 

8*80 

13*50 

14*35 

9*50 

' | 

9*00 

12*90 

34*98 
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L Introduction. 

Green gram or mung is a very valuable pulse cultivated almost in all parts of 
India either as a subordinate crop with maize, sorghum, millets or cotton, or by 
itself as a second crop after paddy. No separate statistical records being kept for 
this crop, it is difficult to estimate the correct yield and area put under mung in 
India, but the aggregate outturn of this crop must be quite high as the pulse is 
prized very much in every part of India and is found everywhere. Almost all the 
seed produced is consumed in the country and very little is exported. It is one of 
the most nutritious of pulses, and in common with the other members of the Legu- 
minosae, forms a necessity in the rural economy of the country. In a place like 
India, where a large proportion of people depends on vegetable diet alone, it is 
these pulse crops which furnish the proteids so necessary for life. 

The following Table shows an analysis of the mung bean made by Yee [1920]. 


Protein . 24*76 

Sugar and starches . . - 50*41 

Cellulose . . . . . . . . . ... * . 4*19 

Fats . . . . . . . . • * * 1*50 

Salts .... ......... 3*80 

Water Y ... . 11*00 
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* 612 
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. 619 
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Church [1886] gives the following composition of mung beans in 100 parts with 
husk 


Composition 

Type — Green 
seed 

Type — Yellow 
seed 

Var.— 
Radiates * 

Water 



. 

.. 



10*8 

11*4 

io-i 

Albuminoids 


■;V* . * ' 

• 

* 



22*2 

23*8 

22*7 

Stareli 



• \ > ' 

* 



54*0 

54*8 

65*8 

Oil . 


. 

• * 




2*7 

2*0 

2*2 

Fibre . 


• 

• 

* 



5*8 

4*2 

4*8 

AsIl . 


. 




* 

4*4 

3*8 

4*4 


* Urid or black gram, varietal name wrongly given. 


He found the nutrient ratio of the unhusked beans as 1 : 2*7, and the nutrient 
value to be 83. 

The mung bean is said to be very rich in Vitamin B. It is regarded as a cure 
for beri-beri. In Java it is said that mung is consumed not so much because it is 
liked, as for its value as a preventive for this disease [Miguel, 1916]. In India this 
bean is esteemed highly, the yellow variety or som mung being regarded as the 
most wholesome. The grain is split and generally eaten as dal or ground and made 
into balls, ban , pakauri , papar :i etc. The green pods are sometimes taken as vege - 
table. As a medicinal diet, it is used in cases of flatulence and as a food in fever. 
The crushed stalks and leaves are much prized as fodder., and are used to give a 
tempting flavour to trash that even Indian cattle might otherwise reject as uneat- 
able [Duthie and Fuller, 1882]. Mung like pigeon pea ( mhar ). has definitely 
beneficial effect on the fertility of the soil. Both these plants are deep-rooted, and 
therefore, introduce an additional factor, besides nitrogen fixation, that of improving 
the texture and content of organic matter of the deeper soil layers. Such legumes 
must clearly be distinguished from others like the Java indigo, which seriously 
deplete the supply of combined nitrogen and behave very much like cereals 
[Howard, 1924]. ; 

Mung is. a native of India and is cultivated throughout the plains, ascending 
to about 6.000 feet in the outer ranges of the Northern Himalaya Mountains. Brain 
[1898] thinks it possible that in Phmeolux f/rineroius (an older name for which is 
P. sublobaUs Eoxb.) of Flora of British India we have the wild form from which 
perhaps both mung and mask have originated. De Candolle [1904] points out that 
the considerable number of varieties, and the existence of three different names in 
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the modern languages of India, point to a cultivation of one or two thousands years, 
but there is no Sanskrit name. In Africa, lie says, it is probably recent. Outside 
India, mung is cultivated to some extent' throughout the Southern half of Asia, 
in the Malayan Peninsula, in the eastern portions of East Africa and has been in- 
troduced into the Philippines, parts of America and into Greece. 

Green gram — Phaseolus tmliaius Linn., mnng, mag, pemm , kheruya, hoiat, 
ghommitga , chhimi, pachupayaru , wj.tJwlu, etc.- — belongs ■ to the Natural Order Logu~ 
minosm , Sub-order Papilionaceae , tribe Phamdeae. In appearance and habit of 
growth, mung resembles very closely und (P. mango Linn., var. Roxburghvi) and 
moth (P. aconitifolim Jaeq.). Moth, however, can be distinguished from the other 
two in having tri-foliate deeply lobed leaves. The resemblance of mung to urid* 
on the other hand, is so close that both of these are considered by some botanists as 
varieties of the same species. The main differences between these two pulses are 
brought out in the following comparison : — 

Table L 

Showing the clmnwlerisltc differences between mung and urid. 


Character 

Mnny 

Uriel 

Stem 

. Mostly erect or sub-erect 

Mostly spreading or trailing. 

Leaves 

. Mostly green or dark green 

Mostly yellowish green. 

Hairiness . 

. Plants, clothed with hairs 

Plants clothed with dense hairs. 

Pods 

, Spreading or reflexed, shatter readily 
and have short hairs. 

Erect or sub-erect, do not shatter 
: much and possess long hairs. 

Seeds 

. Small, globose, green, yellow or 
blackish. 

Larger, oblong, green, black or dark- 

brown. 

Seed-coat . 

. Innumerable fine wavy ridges, some- 
times very faint but never lacking. 

No ridges. 

Hilum 

, Not concave ..... 

Concave. 


JLIiere Xl»D : UCOU. ’wmiiwiuu - — - — ■ ; . ■ 

due chiefly to Roxburgh having transposed the original Linnean names. Roxburgh 
names the green gram or mung as Phaseolus mungo Willd. and calls the yellow- 
variety or sona mung as P. aureus Roxb., while urid is called P. nuliatus Willd. 
[Roxburgh, 1832]. Duthie and Fuller [1882] also seem to have followed Roxburgh’s 
classification. Train has. however, reversed this nomenclature and has called mung 
as P. radiatus Linn, and urid as P. mungo var. Roxburghii Prain. He believes 
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that the mung was well known to previous botanists and well figured by Dillenius. 
Linneaus, though having confused it with the urid and even with the soybean, 
never gave a definite binomial name to the mung. Several names have been for a 
time adopded by botanists, which on account of confusion with other similar 
legumes, have made it impossible to come to a permanent agreement [Miguel, 
1916]. Phaseohs max L., which has been referred by some botanists to the urid, is 
really the soybean, shown clearly by Linneaus 5 original specimen which still exists. 
While he intended to apply this name to the mung , the plant he actually described 
was the soybean. The name P. mungo , which properly applies to tikari, a form of 
urid, has been given to mung. In 1832, Roxburgh changed the application of Linneaus 5 
names in several respects, applying the name P. mungo to green seeded mung, P. max 
to the black seeded mung and P. radiatus to the mid. These changes of Roxburgh 
cannot be accepted [Piper and Morse, 1914]. Prain 5 s changes are, therefore, now re- 
cognized to represent the true species. These are Phmeolus mungo var. Roxburghii 
Prain for urid and Phaseolus radiatus Linn, for mung. 

India is a vast country and naturally offers a wide range of soil and climatic 
conditions. Different varieties of the same crop are present in different localities 
and these are well adapted to various sets of conditions. A large variation in the 
habit, duration and prolificacy of the plants, as well as in the colour, size and shape 
of the grain, etc., has been found. N o detailed classification of the different unit 
species commonly met with in this crop appears to have been published so far. A 
study of the mung crop was, therefore, taken up at the Botanical Section, Pusa, 
a few yeaTS ago. Like most other Indian field crops, mung, as grown by the 
cultivator, consists of a mixture of various types and the isolation of pure lines was 
therefore the first problem that needed attention. Samples from all important dis- 
tricts in India and Burma were collected in 1925 and single plant cultures were 
started from bagged seed. Isolation of pure lines was continued in the following 
years and 40 types in all have been evolved. It may be noted that most of the 
sona mung samples obtained from Eastern Bengal and Assam failed to do well in 
Pusa and were ultimately lost. It would be interesting if this variety of mung is 
studied in detail in these two provinces. 

Gullioation . — Mung is a kkarif crop, generally sown at the break of rains and 
reaped in October, but in some places it is sown in February after paddy and harves- 
ted by May. In Pusa and the neighbouring localities it is usually sown in February 
and not after the commencement of rains due perhaps to the possibility of heavy 
and continuous rain causing absolute ruin. It does best on good deep' soil of fairly 
dense consistency and with a well distributed rainfall of 30 to 35 inches. Mung 
withstands drought well and forms a valuable food reserve when millets, etc., fail 
This is an example to show why the Indian cultivator generally prefers to sow mixed 
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crops, which not only furnish him with all the different crops he needs for his home 
consumption but also saves him from utter ruin ; should one crop fail, he is bound, 
to get something from the others. The seed rate is about 12 to 15 pounds to the 
acre, ■ Cultivation is the same as for cotton, millets, etc., the crop) requiring a good 
tilth. When grown alone an average outturn of 400 to 500 lbs. of grain per acre and 
about three times this weight of foddtr are generally obtained. 

Diseases.— Mung is often susceptible to the following fungus diseases in India 
[Butler, 1918] 

Powdery mildew ( Erysiphe polygoni DC.) 

Rust (Uromyees appendioulatus Pers. Lb.) 

Root rot (RMzoctonia sp.) 

Leaf spot ( Cereospora cruenla Sacc.) 

Certain types not amenable to the soil and climatic conditions obtained at Pusa 
have suffered severely from chlorosis. A study is being made to observe the rela- 
tionship of this defect with the root development of the various types. 

II. General biology. 

7. Flowering and pollination . 

The flowers of mung t are crowded in clusters of 10 to 20 in axillary or terminal 
racemes, usually the latter, and are fully self-fertile when bagged. The time of 
opening of the flowers is more or less the same in all types evolved and grown at 
Pusa. A number of buds which were likely to open on the next day were labelled 
in the evening and observations were made at regular hours on the next and the 
following days. In most cases it was found that the flowers began to open from 6 
to 7 a.m. and continued to do so till about an hour later after which they remained in 
full bloom till about 10 or 11 a.m. Subsequently they gradually closed up and were 
completely closed by 2 to 4 p.m. the same evening. The next morning the corolla 
had a faded appearance and the least external disturbance caused it to shed. Other- 
wise the faded corolla generally was pushed up and carried along by the developing 
pod. Unlike lentils [Shaw and Bose, 1929], Indian gram [Howard, Howard and 
Khan, 1915] and khesari [Howard and Khan, 1927], in which the flowers open for 
two consecutive days and the pod merges out on the third or fourth day, the flowers 
of mung usually open for a single day and the developing pod can generally be seen 
pushing out on the very next day. On a cloudy day, however, the whole process 
of the opening and closing of flowers may be delayed by five or six hours, the 
phenomenon depending chiefly upon the temperature and humidity prevailing. 

Pollination in mung is effected in the bud stage even before the flower opens 
early in the morning. Observations conducted at Pusa show that the pollen grains 
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are let loose from the pollen sacs between 9 and 10 p.m. in the bud stage on the 
night previous to the opening of the flower, and pollination is generally completed 
during the course of the night. This as well as the time of opening of the flowers is 
in agreement with the observations of Narasimham [1929] at Samalkot in Madras, 
who reports that till about 9 p.m. there will not be much pollination but the pollen 
grains will be just seen being let out of their sacs. By about 11 p.m. there will he 
thorough dusting of the stigma in the majority of cases and by 1-30 a.m. pollination 
will be complete in almost all eases. He also reports that the stigmatic; hairs react 
to the different stages of maturity of the stigma. Till a day before the bud opens, 
he observes, the stigmatic hairs are invariably reflexed. By about sunset, they 
gradually assume a perpendicular position with reference to the style, and by 11 or 
12 in the night they further incline towards the stigma and finally point towards it. 

2. Gross-fertilization. 


Although the structure of the floral parts of rnung indicates its suitability for 
insect pollination, self-pollination is the invariable rule. No cases of natural cross- 
fertilization have so far been observed at Pusa. Narasimham [1929] reports the 
occurrence of cleistogamy, i.e.. fertilization taking place within unopened flowers, 
upto an extent of 46 per cent, and considers that self-fertilization appears to be the 
general rule under Godavari conditions. This is confirmed by the present studies 
under Pusa conditions as well. Plenty of ants, bees and some small moths, 
however, visit mung flowers very frequently and it is quite likely that natural cross- 
fertilization may. after ail, be not absolutely impossible in this crop. 

III. Important characters. 

Forty types of many have been isolated in the Botanical Section at Pusa from 
the original mixed samples collected from various parts of India. Ail of these are 
breeding true to type. The chief morphological characters in which these types 
-ary from each other and which have been used as differentiating characters of the 
first magnitude, are : — 

1. Seed colour. 

2. Flower colour, 

3. Colour of the ripe pod, 

and wherever necessary further differentiation has been made in the habit of the 
plant. 

There are differences also in the colour of the unripe pod, foliage colour, habit 
and time of maturity, as well as minor differences in the stem colour, but these 
characters have been used mostly in the description of the various types. 


i 
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Dul-Jiic and Fuller [1882] describe the mung plant as A hairy sub-erect 
annual. Stems about 2 ft. high, branching, angular. Leaves trifoliate, stipules 
ovate acuminate, many nerved, petioles as long or longer than the leaflets, 
channelled ; leaflets 2-4 in., entire or more or less lobed, terminal one ovate, acute, 
cuneate at the base, lateral one rhomboid ovate, rounded at the base, hairy on 
both sides. Flowers about 6, crowded, in axillary racemes, peduncles shork 
about ;!■ in. 


broad and more bi-fid above, lower portion longer and pointed. 

yellow, keel beaked, spirally twisted. Stamens 
, sub-cylindrical, pointed, silky, 8-12 seeded. Seeds 


Corolla about 1 in. long, 
diadelphoiiB, Pods 2-2| in. 
small, green, yellow or black 


Praia [1898] divides mung into three leading varieties 

1. var. lypim — foliage dark green, pods spreading, seeds green, 

2. var. tmrea~~ foliage paler, pods reflexed, seeds yellow, 

3. var. grandis — foliage medium green, pods longer, spreading, seeds black. 

In addition, to these three varieties, it is proposed in the present classification 
to include the brown-seeded mung types in a fourth variety, viz., var. bnmetis 
Bose— foliage medium green, pods spreading, seeds brown. 

The following characters of mung deserve more than a passing attention 

Habit . — The general habit of a plant, depends chiefly upon the height and the 
mode of branching. The height of the various unit species ranges from about 1 to 
3 It. The branching may be sparse or profuse* The late maturing types generally 
have profuse branching and are rather leafy. The mung plant may be erect or 
semi-erect, usually the latter, but some types have a spreading habit also, although 
they never are as trailing as mid. Sometimes the tips of the branches are vining. 

Maturity . — The mung is a three month crop and commences flowering almost 
six weeks after sowing. At Pusa most of the types begin to flower between the 
sixth and the eighth week, while only a few late forms take from the ninth to the 
tenth week to commence their flowering. Three broad classes only— -early, medium 
and late, have therefore been made in this classification. 

Stem .— The stem is usually much branched from the base and is angular and 
hairy, but the hairs are not as dense as in the case of mid . The colour of the stem 
is invariably green with various degrees of purple splashes in the different types. 
Only Types 20 and 35 have an absolutely green stem with no purple colour on them. 
When the purple colour is very prominent the stem has been described as purplish 
green, example Type 16 ; but when these splashes on the stein are fewer the stem 
has been called green with purplish splashes, example Type 1, or green with few 
purplish splashes as in Type 2. 
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Leaves . — The leaves of mung are trifoliate with rather large, ovate, entire or 
rarely lobed leaflets. The leaflets are membranous with scattered adpressed hairs 
on both sides and are 2 to 4 in. long. The terminal leaflet is ovate, acute, 
cuneate at the base, while the lateral ones are rhomboid ovate, and rounded at 
the base. Three grades, viz., large, medium and small have been made in the size 
of the leaves in the description of types which is to follow. The colour of the 
foliage is dark green, green or light green, but never yellowish green like urid. 
The petiole is channelled and as long as, or even longer than, the leaflets. In most 
cases the petiole is green with distinct purplish patches on it, and only in ' Types 
20 and 35 is it absolutely green. 

Flowers . — There is only a very slight difference in the size of the flower in 
mung , the width of the standard usually ranging from 12 to 16 mm. only. This 
character has not therefore been studied in any detail. Definite variation, however, 
exists in the colour of the flower, and four distinct grades have been recognized. 

1. Flowers with reed-yellow standard, wing and keel. Example Types 20 

and 35, 

2. Flowers with olive-yellow standard, strontium-yellow wings and yellowish 

olive keel. Example Types 4, 5, etc. 

3. Flowers with yellowish -olive standard, yellowish-citrine wings and 

yellowivsh-olive keel. Example Types 28, 29, etc. 

4. Flowers with light yellowish-olive standard, strontium-yellow wings and 

yellowish-olive keel. Example Types 1, 2, etc, 

Ridgway's [1912] colour standards have been used to determine the various 
tints described above. Colour examination should always be done en masse , i.e.. 
by taking 20 or more flowers at a time from a pure breeding type and considering 
the average colour of each part of the flower. Individual flowers from the same 
may show slight variation in their tints due to the influence of so many 
factors. After seed colour the colour of the flower has been taken as a 
character of next importance in separating out the various types from each other. 
The colour of the standard has always been taken to represent the flower colour 
of each type. 

Pods . — The pods of mung are generally clustered round a terminal or axillary 
rachis and are slender and long, being about 2 to 3 in. in length. They are sub- 
cylindrical and somewhat hairy. They may be straight or slightly curved, but 
often it becomes difficult to recognize this character, as the same plant may show 
pods of both shape, although there generally is a predominance of one kind. Each 
pod contains 10 to 15 seeds. The colour of the ripe pod has also been taken as a 
differentiating character in the present studies. There is some variation also in 
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The following grades of colour have been recognized : — 

Colour of the ripe pod. 

1. Iron-grey. Example Type 28. 

2. Olive-grey. Example Type 3. 

3. Snuff -brown. Example Type 5, 

4. Light brown. Example Type 9. 

Colour of the unripe pod. 

1-a. Dark green. Example Type 13, 

1- 6. Dark green but with distinct red veins on the ventral suture. 

Example Type 16. 

2- tf. Green. Example Type 7. 

2 - 6. Green with distinct red veins on the ventral suture. Example Type 1. 

3- a. Light green. Example Type 34. 

3-6. Light green with distinct red veins on the ventral suture. Example 
Type 11. 

Seed. — This has furnished the most important character for the classification of 
the various types of mung and has been considered in the present study as the main 
differentiating character. The seeds are globose or oblong, green in most varie- 
ties, but in others they may be yellow, brown or marbled with black patches. 
In addition to this the different coloured seeds may be either shining or dull. 
The following grades of seed colour have been included in the present study. 

Brown — 

(1) Dark brown or clove-brown with distinct ridges or corrugations on 

the seed coat. Example Types 1 to 4. 

(2) Light brown with distinct corrugations on the seed coat. Example 

Type 5. 

Blackish — 

(1) Ground colour dark .green with blackish marbling* 

(а) Grains shining. Example Types 6 and 7. 

(б) Grains dull. Example Type 8. 

(2) Ground colour green with blackish marbling. 

(a) Grains shining. Example Type 9. 

Dark green — 

(a) Grains shining. Example Types 10 to 15. 

(h) Grains dull. Example Types 16 to 20. 

Green — 

(а) Grains shining. Example Types 21 to 27. 

(б) Grains dull. Example Types 28 to 35. 
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Yellow — 

(1) pale lemon-yellow with shining grains. Example Type 36. 

(2) Greenish yellow. 

(a) Grains shining. Example Type 37. 

(b) Grains dull. Example Types 38 to 40. 

The seed coat in mung is marked by innumerable fine wavy ridges or corruga- 
tions which are sometimes very prominent as in Types 1 to 5, or are generally very 
faint and not easily recognizable with the naked eye, but they are apparently 
never lacking. This is another point of distinction between the seeds of mung and 
mid. Sometimes nearly smooth seeds may be found in the same pod with others 
strongly striate. The hilum in mung, unlike that of und, is not concave. 

IV. Key to the types op mung (Phuseolus radiatus Linn.). 

Old culture .No. Type No* 


M. 80 
8 . 2 

M, 79-1 
8*0 

M. 44 


M, 49 


Variety Bnineus (Bose). 

/. Seeds b'own 

(1) Bark brown or clove-brown 

Mowers light yellowish olive 

Pods iron-grey 

Pods snuff-brown . 

Flowers olive-yellow 
Pods olive-grey . 

Pods snuff -brown . 

(2) Light brown 

Blowers olive-yellow 
Pods snuff -brown . 

Variety Orandis (Brain). 

H. Seeds green with blmkish marbling 

(1) Ground colour dark green 

(a) Grains shining 

Flowers olive-yellow 

Pods snuff-brown 

Habit semi-erect 

Leaves large , 




PLATE LXIX, 


Flo we a colour 

L ‘Standard colour — * Beed-yellotv. Type 20. 

2. — Standard eolom— Olive-yellow. Type 4. 

3. Standard colour — - Y elloivisli olive. Type 28. 

4. 'Standard coloxir— Light yelkmnsh olive. Type I. 


Fob colour. 

-Unripe pod — Light green. Ripe po d—Zight. brown. 
-Unripe pod— Green. Ripe pod — Snuff brown. Ti 
-Unripe pod — Dark green with distinct vein on- suture. 
•Unripe pod — ■Dark green with distinct vein on suture. 


Type 9, 


•Olive-grey, Type 16, 
■Iron-grey type 17. 


Seed colour 


•Big. 0. Seeds ' — Pale lemon-yellow y shining, 
B ig. 1 O^Seeds-^^r ee'w ish yellow, shining. 
Fig. 11 . ^SeQd8—Grwnis?i yellow, dull. Tyj 
Fig. 12. — -Seeds — Green and dull. Type 35. 
Fig. 13.— Seeds — Green and shining. Type : 
iig. 14.— Seeds — Park green and dull. Typ< 
Fig. 15; Seeds — Park green mid shining. r j 
Fig. 16, — Seeds— Light brown. Type 5- 
Fig. 1 7 . — Seeds — Dark brown . Type 4 . 

F‘g- 18 — Seeds— Dark green with blackish me 
Fig. 19. Seeds Green with blackish marttint 
•Fig, 20,— Seeds — Dark green with bhu&ui 




Flowers olive-yellow 
Pods olive -grey 
Habit semi-erect 

Habit spreading 

Pods snuff-brown . 

Pods light brown . 

(b) Grains dull 

Flowers yellowish olive 
Pods olive-grey 


M. 22-2 
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Old culture No. Type No. 

Variety Grandis (Prain) — contd. 

17, Seeds green with blackish marbling — -contd. 

(3) Ground colour dark green— coM. 

(b) Grains dull 

Flowers olive-yellow 
Pods snuff-brown . 

(2) Ground colour green 
{a) Grains shining 

Mowers olive-yellow 
Pods light brown . 

Variety Typiea (Pmin). 

Ill , Seeds dark green 

(a) Grains shining 

Flowers light yellowish olive 
Pods olive-grey 

. Habit semi-erect . 

Habit spreading . 


S.3 


M. 29 
Iff. 26 

M. 60 
S. 4 
M. 33 
M. 48 

M. 60 


10 

11 

12 

13 

14 

15 

16 


Flowers light yellowish olive 

Pods iron-grey 

* ■ 

M. 65 

17 

Pods olive-grey 


M. 75 

18 

Pods snuff -brown . 


M. 46 

19 

Flowers reed-yellow 

pods iron-grey 


M. 63 

20 
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Old culture No, 


Variety Typica (Pram) — contd, 
IV, Seeds green 

(a) Grains shining 

Flowers light yellowish olive 
Pods olive-grey 
Pods snuff-brown . 

Pods light brown . 

Flowers olive-yellow 
Pods olive-grey 
Pods snuff-brown 
Habit semi-erect 


Habit spreading 
Pods light brown 


(6) Grains dull 

Flowers yellowish olive 
Pods iron-grey 
Habit semi-erect 


Habit spreading 


Flowers light yellowish olive 
Pods iron-grey 
Pods olive-grey 
Pods light brown . 


Flowers olive-yellow 
Pods olive-grey 
Habit semi- erect 
Habit spreading 
Flowers reed-yellow 
Pods iron-grey 


M. 42 


35 
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Old culture No. Type No. 

Variety Aureus (Praia), 

V. Needs yellow 

(1) Pale lemon-yellow 
(a) Grains shining 

Flowers olive-yello w 


Pods olive-grey 

. . M. 11 

38 

) Greenish yellow 

(a) Grains shining 

Flowers olive-yellow 

Pods olive-brown • 

M* 21-1 

37 

(h) Grains dull 



Flowers olive-yellow 

Pods olive-grey 

Habit semi-erect 

M. 21-2 

38 

Habit spreading 

. . Brahmanbaria 

39 

Flowers light yellowish olive 

Pods olive-grey . 

, . M. 20 

40 


V. Description of mung types, Phaseolus radiatus (Linn.), 

Variety — Bruneus {Bose). 

Type 1— Ear ly, spreading, robust growth. Stem green with purplish splashes. 
Leaves medium in size, foliage green. Flowers light yellowish olive. Inflorescence 
both axillary and terminal. Pods— Unripe green with red veiu on the suture ; npe 
iron-grey. Seeds dark brown with distinct corrugations. 

Type 2. Early, spreading, very leafy and robust growth. Stem green with few 

purplish splashes. Leaves medium in size, foliage light green. Flowers light 
yellowish olive. Inflorescence both axillary and terminal. Pods— Unripe green 
with red veins on the suture ; ripe snuff-brown. Seeds dark brown with distinct 
corrugations. 

Type 3.— -Early, spreading, rather leafy. Stem green wirh purplish splashes. 
Leaves medium in size, foliage green. Flovoers olive-yellow. Inflorescence both 
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axillary and terminal. Pods— Unripe green , ripe olive-grey. Seeds dark brown 
with distinct corrugations. 

Type 4— Early, spreading, good growth. Stem green with purplish splashes. 
Leaves medium in size, foliage green. Flowers olive-yellow. Inflorescence both 
axillary and terminal. Pods— Unripe green ; ripe snuff-brown. Seeds dark brown 
with distinct corrugations. 

Type 5. — Early, semi-erect, fairly bushy. Stem green with few purplish 
splashes. Leaves medium in size, foliage green. Flowers olive-yellow. Inflorescence 
both axillary and terminal. Pods— -Unripe green ; ripe snuff-brown. Seeds light- 
brown with distinct corrugations. 

Variety — Grandis (Prain). 

Type 6. — Medium early in maturity, semi-erect and bushy, very leafy but a 
poor yielder. Stem green with purplish splashes. Leaves large in size, foliage green. 
Flowers olive-yellow. Inflorescence both axillary and terminal. Porfe-— Unripe green 
with red veins on the suture ; ripe snuff-brown. Seeds very dark green with 
blackish marbling, almost black, grains shining. 

Type 7. — Early, semi-erect and bushy, very leafy. Stem green with purplish 
splashes. Leaves medium in size, foliage green. Flowers olive-yellow. Inflorescence 
both axillary and terminal. Pods — Unripe green, ripe snuff-brown. Seeds dark 
green with blackish marbling, grains shining. 

Type 8. — Early, semi-erect, good growth. Stem green with puiplish splashes. 
Leaves medium in size, foliage green. Flowers olive-yellow. Inflorescence mostly 
terminal. Pods — Unripe green with red veins on the suture ; ripe snuff -brown. 
Seeds dark green with blackish marbling, grains dull. 

Type 9. — Early, semi-erect, leafy and robust. Stem green with purplish 
splashes. Leaves medium in size, foliage green. Flowers olive-yellow. Inflo- 
rescence both axillary and terminal. Pods — Unripe green ; ripe light brown. Seeds 
green with blackish marbling, grains shining. 


Variety — Typica (Prain). 

Type 10. — Medium early in maturity, semi-erect, heavy yielder. Stem green 
with few purplish splashes. Leaves medium in size, foliage green. Flowers light 
yellowish olive. Inflorescence mostly terminal. Pods — Unripe light green with very 
distinct red veins on the suture ; ripe olive-grey. Seeds dark green, shining. 

Type 11. — Early, spreading, poor growth. Stem green with few purplish 
splashes. Leaves medium in size, foliage green. Flowers light yellowish olive. 
Inflorescence both axillary and terminal. Pods — Unripe light green with red veins 
; ripe iron-grey. Seeds dark green, shining. 
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Type 12. — Early, semi-erect and bushy, rather leafy. Stem green with few 
purplish splashes. Leases medium in size, foliage green. Mowers olive-yellow. 

Inflorescence both axillary and terminal. Pods — Unripe green; ripe iron-grey, 

Seeds dark green, shining. _ # 1 

Type 13 .' — Early, spreading, robust growth. Stem green with few purplish j 

splashes. Leaves medium in size, foliage green. Flowers olive-yellow. Inflo- 
rescence both axillary and terminal. Pods — Unripe dark green ; ripe olive-grey. 

Seeds dark green, shining. 

Type 14. — Early, semi-erect, poor growth. Stem green with purplish splashes.. I 

Leaves medium in size, foliage light green. Flowers olive-yellow. Inflorescence I 

both axillary and terminal. Pods — Unripe green ; ripe snuff-brown. Seeds dark >j 

green, shining. j 

Type 15. — Early, semi -erect rather leafy. Stem green with purplish splashes. j 

Leases medium in size, foliage green. Flowers olive-yellow. Inflorescence both .■ 

axillary and terminal. Pods- — Unripe green ; ripe light brown. Seeds dark green, 

shining . 

Type 16. — Medium early in maturity, semi-erect, prolific. Stem purplish g*.een. 

Leaves medium in size, foliage green. Flowers yellowish olive. Inflorescence mostly 
terminal. Pods— Unripe daik green with red veins on the suture ; ripe olive-grey. 

Seeds dark green, dull. 

Type 17. — Late in maturity, erect and bushy, plants rather tall. Stem 
green with a few purplish splashes. Leaves large, foliage dark green. . Flowers light 
yellowish olive. Inflorescence both axillary and terminal. Pods Unripe dark green j 

with red veins on the suture ; ripe iron-grey. Seeds dark green, dull. 

Type 18. — Early, semi-erect, prolific. Stem purplish green. Leaves medium in 
size, foliage green. Flowers light yellowish olive. Inflorescence mostly terminal. 

Pods — Unripe green with red veins on the suture; ripe olive-grey. Ms dark j 

green, dulh 

Type 19. — Medium in maturity, spreading, bushy and prolific. Stem green 
with purplish splashes. Leaves medium in size, foliage green. Flowers light 
yellowish olive. Inflorescence both axillary and terminal. Pads— Unripe green with 
red veins on the suture ; ripe snuff-brown. Seeds dark green, dull. ^ \ 

Type 20. — Medium early in maturity, semi-erect. Stem green. Leaves medium 
in size, foliage green. Flowers reed-yellow. Inflorescence both axillary and 
C terminal. Pods— Unripe green ; ripe iron-grey. Seeds dark green, dull. ! 

Type 21. — Early, spreading, rather prolific. Stem green with a few purplish 
splashes. Leaves medium in size, foliage light green. Flowers light yellowish olive. jj 

Inflorescence mostly terminal. Pods- Unripe green ; ripe olive-grey. Ms* green, | 

shining. 9 ] 
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Type 22. — Early, spreading, prolific. Stem green with purplish splashes. 
Leaves medium in size, foliage green. Flowers light yellowish olive. Inflorescence 
both axillary and terminal. Pods— Unripe light green with red veins on the suture ; 
ripe snuff-brown. Seeds green, shining (seed colour somewhat lighter than that in 
other types). 

Type 23. — Early, semi-erect, good setting. Stem green with purplish splashes. 
Leaves large, foliage green. Flowers light yellowish olive. Inflorescence both 
axillary and terminal Pods— -Unripe green with red veins on the suture ; ripe light 
brown. Seeds green, shining. 

Type 2d.— Early, semi-erect, poor growth but prolific. Stem green with pur- 
plish splashes. Leaves medium in size, foliage light green. Flowers olive-yellow. 
Inflorescence mostly terminal. Pods — Unripe green ; ripe olive-grey. Seeds green, 
shining. 

Type 25. — Early, semi-erect, bushy and prolific. Stem green with few purplish 
splashes. Leaves large, foliage light green. Flowers olive-yellow. Inflorescence 
both axillary and terminal. Pods — Unripe green ; ripe snuff-brown. Seeds green, 
shining. 

Type 26. — Early, spreading. Stem green with purplish splashes. Leaves 
medium in size, foliage green. Flowers olive-yellow. Inflorescence both axillary 
and terminal. Pods — Unripe light green with red veins on the suture ; ripe snuff- 
brown. Seeds green, shining. 

Type 27. — Early, semi-erect and bushy, rather leafy. Stem green with purplish 
splashes. Leaves large, foliage green. Flowers olive-yellow. Inflorescence both 
axillary and terminal Pods — Unripe green with red veins on the suture ; ripe light 
brown. Seeds green, shining. 

Type 28. — Early, semi-erect, very prolific. Stem green with purplish splashes. 
Leaves medium in size, foliage green. Flowers yellowish olive. Inflorescence mostly 
terminal Pods — Unripe dark green with red veins on the suture ; ripe iron-grey. 
Seeds green, dull 

Type 29— Early, spreading and rather bushy. Stem green with purplish 
splashes. Leaves medium in size, foliage green. Flowers yellowish olive. In- 
florescence mostly terminal Pods — Unripe green with red veins on the suture ; ripe 
iron-grey. Seeds green, dull. 

Type 30 — Late, spreading, bushy and prolific. Stem green with purplish 
splashes. Leaves large, foliage dark green. Flowers light yellowish olive. In- 
florescence mostly terminal Pods — Unripe green with red veins on the suture ; ripe 
iron-grey. Seeds green, dull 

Type 31.~Late, spreading, very prolific. Stem green with purplish splashes. 
Leaves medium in size, foliage green. Flowers light yellowish olive. Inflorescence 
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both axillary and terminal. Pods— Unripe green with red veins on the suture , ripe 
olive-grey. Seeds green, dull. 

Type 32. — Late, spreading. Stem green with purplish splashes. Leaves small 
in size, foliage green. Flowers light yellowish olive. Inflorescence both axillarj and 
terminal. Pods — Unripe green ttith red veins ; ripe light brown. Seeds green, dud. 

Type 33. — Early, semi-erect, poor growth. Stem green with purplish splashes. 
Leaves medium in size, foliage green. Flowers olive-yellow. Inflorescence both 
axillary and terminal. Pods— Unripe green ; ripe olive-grey. Seeds green, dull. ^ ■ 

Type 34. — Early, spreading, very leafy but a poor yielder. Stem green with 
purplish splashes. “ Leaves small in size, foliage green. Flowers olive-yellow. 
Inflorescence both axillary and terminal . Pods Unripe light green , ripe olive 
grey. Seeds green, dull. 

Type 35 — Medium early in maturity, semi-erect. Stem green. Leaves, medium 
in size, foliage light green. Flowers reed-yellow. Inflorescence hoth axillary and 
terminal. Pods — Unripe green ; ripe iron-grey. Seeds green, dull. 


Variety — Aureus ( Prain ). 

Type 36. — Early, semi-erect. Stem green with purplish splashes. Leaves 
medium in size, foliage light green. Flowers olive-yellow. Inflorescence both axillary 
and terminal. Pods — Unripe green ; ripe olive-grey. Seeds pale lemon-yellow, 
shining. 

Type 37 . — Medium early in maturity, semi-erect. Stem green with a few purplish 
splashes. Leaves medium in size, foliage light green. Flowers olive-vellow. In- 
florescence mostly terminal. Pods — Unripe green with red veins on the suture ; ripe 
olive-grey. Seeds greenish yellow, somewhat shining. 

Type 38 — Medium early in maturity, semi-erect. Stem green with a tew purplish 
splashes. Leaves medium in size, foliage light green. Flowers olive-yellow. In- 
florescence hoth axillary and terminal. Pods — Unripe green with red veins on t le 
suture ; ripe olive-grey. Seeds greenish yellow, dull. 

Type 39 . — Late in maturity, spreading, bushy, rather leafy. Stem green with a 
few purplish splashes. Leaves small in size, foliage green. Flowers olive-yellow. 
Inflorescence hoth axillary and terminal. Pods — -Unripe green; ripe olive-grey. 
Seeds greenish yellow, dull. 

Type 40 — Medium early in maturity, semi-erect, leaves rather sparse. Stem 
green with purplish splashes. Leaves medium in size, foliage light green. Flowers 
light yellowish olive. Inflorescence both axillary and terminal. Pods — Unripe green 
with red veins on the suture ; ripe olive-grey. Seeds greenish yellow, dull. 
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Leather [1903] gives the following analyses for mung and urid, but it may be 
remembered that his nomenclature of the two pulses is wrong. P. mungo accord- 
ing to him was mung and P, mungo var. mdiatus was und : — 



P. mungo {mung) 

P. mungo var. mdiatus ( und ) 


Average of 
six samples 

Leaves and 
husks from 
threshing 
floor 

Average of 
five samples 

Leaves and 
husks from 
threshing 
floor 

Water 

9*97 

15*38 

1038 

13*30 

Ash • 

4*57 

14-92 

4*12 

12*29 

Cellulose 

3*81 

17*08 

3*80 

18*66 

Pat • « • ® a O • 

0*93 

1*70 

1*07 

2*52 

Non-nitrogenous matter. 

58*29 

38*24 

56*76 

39*67 

Nitrogenous matter .... 

2343 

12*08 

23*87 

11*56 

Nitrogen 

3*59 

2*03 

• 3*82 

1*85 

Nitrogen as protein .... 

3*33 

1*79 

3*40 

1*74 


It resembles mmg {Phaseolus mdiatus Linn.) very closely in all its constituents. 

Like mung it is boiled and eaten whole or after being split, in the form of dal. 
Parched and ground to flour, it is made into balls with spice (paJcavri daibarm , etc.) 
or it is eaten in the form of a sort of porridge or baked into bread— it is the chief 
constituent of the wafer biscuit known as papar. Bari and sepa are two other pre- 
parations commonly made out of nr id. The green pods are eaten as a vegetable 
[Watt, 1908]. In Hindu medicine it is highly valued, and is prescribed both 
internally and externally in paralysis, rheumatism and affections of the nervous 
system. It is considered as easily digestible and as a cooling article of diet [Murray, 
1892]. The seed is the reputed origin of the weight known as masha , twelve of which 
go to the tola , and 960 to the seer (2 lb.). 

The arid is a native of India and the presence of a Sanskrit name mash suggests 
that the crop has been known in this country from very old times. Prain [1898] 
considers Phaseolus trinervius or P. svblobaius Roxb. as the wild form from which 
perhaps both mash and mung have originated. During modern times und has been 
introduced into many tropical parts of both the old and the new worlds. Some of 
the late varieties make a dense mass of herbage and one of these is used as a green- 
manure crop in the West Indies under the name of Woolly Pyrol [Piper, 1915], 
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Black grain — Pha'ieolm mango, var. rox 


Prain. urid (or uni), rhrd. 


tmomM-alai nmh-kulai, ramra uditl (dml uhmda , mUw~muU : Imam. etc., belongs 
to the Natural Order Leguminosae ; sub-order Papilioraume tribe Phaseokae. In 
appearance and growth it resembles mmg (P. radiants Linn.) very closely, so much 
so that some botanists consider both of these as varieties of the ,~aim, species. to 
main differences between these two pulses have been shown in the previous pu > ica 

tion [Bose, 1932]. , , 

Cultivation.— Urid has two distinct cultivated forms, one with large black seeds, 
which ripens in August and September and which is generally called urid or art .ant 
the other with small green seeds, which ripens in October or November and whic i 
sometimes is given the diminutive name of urdi. Both are generally sown at the com- 
mencement of the rains and need the same cultural and soil treatments, t is t in 
a khanf crop although occasionally it is also sown, like mmg, m February am- 
reaped in May. It prefers the heavier classes of soils. In Northern Bitiar, however, 
it is generally sown mixed with maize in lighter soils as well. Two or t iree 
plo ughing s are enough for this crop. Too much cultivation and a fine tilth are a P* 
to encourage excessive foliage growth at the cost of the yield of gram. The seed 
rate is about 10 to 12 pounds to the acre. When grown alone the average outturn 
of urid is about 400 lb. of grain to the acre, with about three times this weight oi 
straw. Both the grain and the straw are useful as horse and cattle food, although 
the hairy nature of the stem and leaves prevents its being relished much by these 

animals. . , n ,, 

Notwithstanding the importance and the variety of interesting problems they 

offer for investigation, the pulse crops in India have not received the attention they 
deserve. Although a large variation in the habit, duration and morphological 
characters of the urid plants exists, no detailed classification of the different unit 
species commonly met with in this crop appears to have been published so far in 
India. Samples of urid from all important districts of India and Burma were, 
therefore, collected in 1925 and single plant culture? from this were started from 
selfed plants. Isolation of pure lines was continued during the following years and 
it has been possible to separate out 25 types from this A large number of forms 
however, including some very bold-seeded varieties from the Central Provinces did 
not adapt themselves to the soil and climatic conditions of Pusa and were gradually 
eliminated during the course of the work. Some types have suffered severely from 
chlorosis and the relation of this with the root development and other morphologica 
characters deserves further study. Ghosh and Basu [1925] studied the effect of 
lead carbonate, zinc sulphate, manganese sulphate, magnesium sulphate, lime, 
crypsum, boric acid, potassium iodide and sodium chloride in improving the con- 
dition of the crop and preventing chlorosis, butthey could not control the yellowing 
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of the leaves to any great extent. In ah the plots, however, to which sulphates ; 

were applied the growth of the healthy plants was distinctly more vigorous, gypsum 
giving the most favourable results. 

Pests and Diseases.— Besides chlorosis or yellowing of the leaves urid is often 
susceptible to the following fungus diseases in India [Butler, 1918] 

Powdery mildew ( Erysvphe polygom, DC). • * 

Rust ( Uromyces appendicidatus Pers. Lk.). 

Leaf spot ( Oeroospora cruenta Sacc.). 

A lot of damage is sometimes done to this crop, in Northern Bihar, by the 
Bihar hairy caterpillar (Diacrisia obkqua Wlk.), swarms of which feed on the 
leaves, and the only way to avoid them is to be on the look out for their egg masses 
or the newly hatched young ones and picking them out before much harm is done 
to the crop. 

II. General biology. 

1. Flowering and pollination. 

The flowers of urid are borne in capitate clusters of 5-6 on the end of stout, 
hairy, peduncles and are fully self-fertile. The time of opening of flowers is more or 
less the same in all types evolved and grown at Pusa and resembles that of mmg 
almost in all respects [Bose, 1932]. The flowers generally begin to open early in the 
morning, from 6 to 7 a.m. and continue to do so till about 9 a.m. after which they 
remain fully open till about noon, when they gradually close up and are completely 
so till about 2 to 4 p.m. The next morning the faded corolla may be seen being 
pushed up and carried along by the developing pod. 

Pollination in urid as in mung is effected in the bud stage the night previous to 
the opening of the flowers. Narasimham [1929] reports that till about 9 p.m. there 
will not be much pollination but the pollen grains will be just seen being let out of 
their sacs. By about 11 p.m. there will be a thorough dusting of the stigma in the 
majority of cases and by 1-30 a.m. pollination will be complete in almost all cases. 

This is in close agreement to the observations made at Pusa. 

2. Cross-fertilisation. 

Self-pollination is the general rule in this crop and no case of natural 
cross-fertilization has so far been observed at Pusa. The various types have been 
grown close to each other for nearly six years but no natural cross has been detect- 
ed yet. Narasimham [1929] observed cleistogamy or fertilization within unopened 
flowers to an extent of 42 per cent, and considers that eeli-feitilization is the general 
rule in urid. 
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III. Important characters. 

Twenty -five types of mid have been evolved in the Botanical Section at Pusa, 
from the original mixed samples collected from all important districts of India and 
Burma. All of these are breeding true to type and represent more or less the main 
types cultivated in this country. Seed colour has already an established usage 
in commercial identification, and its employment as the primary basis of classi- 
fication is both expedient and constructive. Seed, flower and pod colour are the 
principal bases of division in the present classification. 

There are differences also in the foliage colour, habit, time of maturity as well 
as minor differences in the colour and hairiness of the stem, pods, etc. All these 
characters have been used in the description of the types which is to follow. 

In botanical characters urid resembles mmg very closely as reported previously 
[Bose, 1932], but in general behaviour the plants of the former are lower and spread- 
ing or rather trailing on the ground, while those of the latter are mostly erect 
or semi- erect. The plant may be described as follows : — 

A spreading annual, usually with procumbent branches. Stems diffuse, fur- 
rowed and densely clothed with long brown hairs ; the extent of hairiness differing 
in different types. Leaves large, trifoliate, hairy, stipules ovate, acuminate ; petio- 
les very long and hairy, generally having diffused purple colour. Leaflets very 
broadly ovate or nearly rhomboid, orbicular, usually entire, thin, short, acute ; 
foliage colour mostly light green, but green or even dark green in a few types. It 
is usually lighter than that of mung . Flowers fully self-fertile, lemon or pale yel- 
low, in capitate clusters of five or six on the end of rather stout hairy peduncles. 
Calyx connate in a companulate tube. Corolla pale or lemon-yellow, standard 
orbicular, subauriculate at base, wings ovate or oblong, adnate to the keel, keel 
prolonged in a beak to form a spiral. Stamens diadelphous. Pods erect or sub- 
erect, about 2 in. long nearly cylindrical, somewhat curved and usually very 
hairy. Some types, however, have almost hairless pods. Seeds small, oblong, 
green or black with a concave hilum and no ridges on the seed coat. 

There are two distinct varieties of urid , one with large black seeds, the other 
with somewhat smaller greenish seeds but no varietal names appear to have been 
given and hence it is proposed to include all the black-seeded urid in the Sub- 
variety Niger , Bose, and the green-seeded urdi in the Sub-variety Viridis, Bose. 
The green-seeded urdi has leaves of a lighter colour, and the pods lack the central 
dark stripe or vein which characterises the black variety. Prain [1898] points out 
that Linnaeus's description of Phaseolus mungo accords better with the tikari than 
with any related species. Tikari kalai is a scandent or subscandent herb and has 
a twining habit an&is probably not grown outside India. 
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Habit .— The urid plants are generally very spreading and the branches usually 
are procumbent. In most types the trailing nature of the plants clearly distinguish 
this crop from the more or less semi-erect plants of mung. Only a very few types 
with rather scanty branching show a semi-erect habit. The branching may be 
scanty, or profuse. 

Maturity . — The urid is a short-term crop taking only seven to eight weeks from 
sowing to flowering. Most of the black-seeded types usually ripen earlier than the 
green-seeded ones. The former ripen in August or September while the latter 
remain in the field till October or November. In the description of types three 
broad classes, viz., early, medium early and late have been made by taking the 
average number of days taken by the first flower to open in the type as the criterion 
for gauging this character. 

Stem . — The stem in urid is diffuse, furrowed and much branched from the base. 
It is densely clothed with long, brown hairs although the different types vary in the 
degree of hairiness. The colour is generally green with different amounts of diffused 
purple colour in the various unit species. 

Leaves .— -Leaves of this plant are trifoliate large ovate, and acuminate. 
The leaflets are membranous, wrinkled and hairy. The leaflets are broadly ovate 
or nearly rhomboid, orbicular, usually entire, thin, short and acute. Foliage colour 
is lighter than that of mung and is mostly light green. A few types with green and 
a very few types with dark green foliage, however, also exist. The size of the 
leaflets may be arbitrarily described as very large, large or small. The petiole is 
very long and hairy, chanelled and has diffused purple colour on it. At first petiole 
is longer than the peduncles but as the season advances the reverse is generally true. 

Flowers . — Flowers are borne in capitate clusters on the ends of rather stout 
hairy peduncles. Usually there is only one flower stalk arising from the axil of 
each leaf but this stalk sometimes developes two or more branches. There is very 
little difference in the size of the flower in the different types of urid described in 
this paper. The standard is generally 12 to 16 mm. in width. Three grades of 
flower colour may be recognized but the differences arc not very clear-cut and 
sometimes cause confusion. The flowers may be : — 

1. Bright yellow. Example Type 19, 

2. Lemon-yellow. Example Types 7, 20, etc., or 

3. Pale yellow. Example Types 6, 13, etc. 

In some types there are diffused red dots at the back of the standard, but as 
this is a minor character and has been found to be variable, it has not been used in 
the separation of different types. 

Pods . — The pods of urid are much shorter, stouter and more hairy than those of 
mung. They are somewhat cylindrical and curved in shape. They are mostly 



erect or sub-erect in contrast to the spreading or reflexed pods of mmg. A few 
types have a nearly hairless or glabrous surface (Type 3) while the rest have hairy 
(Type 7) or very hairy (Type 17) surface. Definite variation in the colour of the ripe, 
as well as the unripe, pod can be recognized and the colour of the ripe pod has been, 
utilized as one of the main characters for the separation of the different unit species. 


The following grades of colour have been observed 

Colour of the ripe pods — 

1. Buff . 

2. Brownish buff . 

3. Brown . . « • 

4. Dark brown . 


Example Type .1 0 
7 

J* 9» ‘ 

jt ?» bi 

2 

** 


Colour of the unripe pods— 

1. Yellowish green . Example Type 10 

2. Green . . ** ” ^ 

3. Dark green >» » 8 

Pods which have a yellowish green colour in the unripe condition generally have 
buff colour in the ripe stage. Green coloured pods ripen into brownish buff or 
brown colour, while dark green unripe pods show a brown or dark brown colour 
in the ripe stage, usually the latter. 

Seed. — Urid has a small oblong seed about a sixth of an inch in length 
almost flattened ends but at times these ends are rounded. The surface is usually 
dull and rough but may be slightly or fully lustrous in some types. The broad 
hilum is covered with a dense white caruncle grooved in the centre. The seed 
furnishes the most important character and is of the first magnitude in separating 
out the different types of urid. Two broad classes, viz., green and black have been 
recognized from time immemorial and the urid crop is generally divided into these 
two varieties. A closer inspection, however, brings out differences in these two 
varieties themselves. The black colour of the urid is due to very closely packed 
dark flecks or marbling on a grey back ground, and the intensity of this marb 
imparts to the grain different grades of black or dark colour. The following grades 
of seed colour have been used in the present classification. 

I. Green urdi (sub-variety Viridis, Bose) — Types 

A. Seeds elm-green, dull . 1 and 2 

B. Seeds dark green — 

Skining * * 3 to 6 

Dull 7 and 8 


Types 
1 and 2 


3 to 6 
7 and 8 


C. Seeds green — 

Shining . 

Dull . 

D. Seeds light green- 

Skining . 

Dull . 


9 

10 to IS 
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II, Black urid (sub-variety Niger, Bose ) — 

E. Seeds with grey hack-ground and very heavy black marbling, grade]!— 

Shining . 

Shining somewhat . . . . . * . e . ; 

Ml . 

F. Seeds with grey hack-ground and heavy black marbling, grade 2 — 

Shining somewhat 

Dull . 

G. Seeds with dark green back-ground and sparse black marbling, grade 3- 

Shining . . . ... 


IV. Key to the types of urid (. Phmeolus mungo Linn. var. Roxburghii Pjrain), 


Old culture No. 


I, Green urdi (sub-variety Viridis, Bose) 

A. Seeds elm-green 

Grains dull 
Flowers lemon-yellow 
Pods brown and hairy . 

Flowers pale yellow 
Pods dark brown and hairless 

B. Seeds dark green 

Grains shining 

Flowers lemon-yellow 

Pods dark brown and hairless 

Medium in maturity 

Stem with light purple colour 

Stem with deep purple colour 

Late in maturity 

Flowers pale yellow 

Pods dark brown and hairless. 

Grains dull 
Flowers lemon-yellow 

Pods brownish buff and hairy. 

Flowers pale yellow 

Pods brownish buff and hairy ; 


G. 22 


8 





Flower colour. 

Fig. X.-^Stajidard colour — Pale yellow. Type 6. 

Fig. 2.— Standard colour— Lemon-yellow. Type 10. 


Pod colour. 



3 . — Unripe pod— Yellowish green. Type 10, 

4. ' — “Unripe -pod— Green. Type 7. 

5. — Unripe $od—Dark green. Type 3. 

6. — Pipe pod — Dark brown. Type 3. 

7. — Pipe pod— Buff. Type 10. 


Seed colour. 

-Seeds — Light green, dull. Type 15. 

-Seeds — Dark green, dull. Typo S. 

-Seeds—- Light green, shining. Type 14. 

-Seeds— Dark green, shining. Type 4. 

-Seeds — Elm-green, Type 1. 

•Seeds — Dark green with sparse black marbling, shining. Type 25. 

•Seeds— Grey background with heavy Mack marbling, dull. Typo 20. 

-Seeds — background with very heavy black marbling , dull. Type 21. 
-Seeds — Drey background with very heavy black marbling, shining. Type 30* 
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IV. Key to the types op mid (Phciteolus muvgo Linn, vail liozbimjhii 

Peain)— contd. 


I, Green urili (sub •variety Viridis, Base) — could. 

0, Seeds green 

Grains shining 

Flowers lemon-yellow 

Pods dark brown and hairless 
Grains dull 

Flowers lemon-yellow 

Pods buff and hairy .... 
Pods brownish buff and hairy 
Pods dark brown and hairless 
Flowers pale yellow 

Pods brownish buff and hairy 

D. Seeds light green 
Grains shining 
Flowers lemon-yellow 
Pods brown and hairless 
Grains dull 

Flowers lemon-yellow 
Pods buff and hairy • 

II. Black urid (sub-variety Niger, Bose) 

E* Seeds with grey back-ground and very heavy 
black marbling, grade L 

Grains shining 

Flowers lemon-yellow 

Pods brownish buff and hairy 

Grains shining somewhat 


Old culture No. Type No. 


G. 2 9 

G. 20 10 

G. 23-2 1 1 

H. 2 12 

G. 29 18 


G. 20 14 


g. n is 


K. 3 10 


B. 50 l 7 



Flowers lemon-yellow 
Pods brown and very hairy . 
Pods dark brown and hairless . 


B. 80 


18 
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IV. Key to the types op urid ( Phaseolus mungo Linn. var. Roxburglrii 

Prain) — could. 


Old culture No. Type No, 


II , Blade 'arid (sub-variety Niger, Bose) — contd. 

E. Seeds with grey back-ground and very heavy 
black marbling, grade I — contd . 

Grains dull 

Flowers bright yellow 
Pods dark brown and hairy . 

Flowers lemon-yellow 
Pods brown and hairy 

Habit erect 

Habit spreading . 

F. Seeds with grey back-ground and heavy black 
marbling, grade 2, 

Grains shining somewhat 

Flowers lemon-yellow 
Pods brown and hairy 
Early in maturity . - 

Medium in maturity . 

Grains dull 
Flowers lemon-yellow 
Pods brown and hairy * - 

G. Seeds with dark green back-ground and sparse 
black marbling, grade 3. 

Grain shining 

Flowers pale yellow 
Pods brownish buff and hairless 


B. 7 19 


B. 76 20 

B. 28 21 


B. 30 

22 

B. 60 

23 


B. 63 E. 


24 


K. I 


25 


I 




V. Description of urid types. 

1. Urdi or green-seeded types , sub-variety — Viridis (Bose). 

Type 1 . — Late, spreading, profuse branching. Stem green with purplish 
splashes, very hairy. Leaves large; foliage green. Flowers lemon-yellow. Pods 
hairy ; unripe — yellowish green ; ripe — brown. Seeds elm-green, dull. 
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Type 2.— Late, trailing, profuse branching. Stem green with purplish 
splashes, hairy. Leaves large; foliage green. Flowers pale yellow. Pods 
hairless ; unripe — yellowish-green ; ripa— dark brown. Seeds elm-green, 

Type 3.— Medium in maturity, profuse branching, branches thin.. Stem green 

with a few purplish splashes, the purple colour almost disappearing in the mature 

stage, very slightly hairy. Leaves large; foliage green. Flowers lemon-yel ow. 
Pods hairless ; unripe— dark green ; ripe— dark brown. Seeds dark green, shining. 

Type 4.— Medium in maturity, trailing, profuse branching. Stem green with 
purplish splashes, hairless. Leaves large ; foliage green. Flowers lemon-yellow. 
Pods hairless ; unripe— dark green ; ripe -dark brown. Seeds dark green, shining. 

Type 5.— Late, spreading, very profuse branching. Stem green with purplis 
splashes, slightly hairy. Leaves large; foliage green. Flowers lemon-yellow. 
Pods hairy ; unripe— green ; ripe— brownish buff. Seeds dark green, shining. 

Type 6\— Medium in maturity, spreading, profuse branching, thin branc les. 
Stem vreen with a few purplish splashes, slightly hairy. Leaves large , m lage 
green." Flowers pale yellow. Pods hairless ; unripe-dark green ; ripe-dark brown. 

Seeds dark green, shining. . 

Type 7— Medium in maturity, spreading, profuse branching. Stem green 

with purplish splashes, slightly hairy. Leaves large; foliage hght green. divers 
lemon-yellow. Pods hairy; unripe-green; ripe-browmsh buff. Seeds dark 

^ \ype 8.— Early, spreading, profuse branching. Stem green with a few purplish 
splashes, hairy. Leaves large ; foliage light green. Flowers pale yellow. Pods 
hairy ; unripe— green ; ripe— brownish buff. Seeds dark green, dull. 

Type 9 . — Medium in maturity, spreading, profuse branching. Stem green 
with purplish splashes, slightly hairy. Leaves large foliage green. lowers 

lemon-yellow. Pods hairless ; unripe-dark green ; ripe-dark brown. Seeds a re , 

hlUm ^L 10 , — Medium in maturity, spreading, very profuse branching. ^ Stem 
green with purplish splashes, hairy. Leaves large; foliage hght green Flornn 
lemon-yellow. Pods hairy; unripe— yellowish green; ripe b . b 

du ll 

U ' T ype 11. — Medium in maturity, spreading, profuse branching Stem green 
with purplish splashes, hairy. Leaves rather large ; foliage green. owers e 
yellow. Pods hairy ; unripe-green ; ripe-brownish buff Seeds gW 

Twe 12. — Late, spreading, profuse branching. Stem green with purpbsn 
SP slightly Jy. 2- Wge; foliage 4- ^ 
yellow. Pods hairless; unripe— dark green; ripe— dark brown. g > 

dull. 
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Type 13. — Early, spreading, moderate branching. Stem green with purplish 
splashes, hairy. Leaves large ; foliage light green. Flowers paie yellow. Pods 
hairy ; unripe— green : ripe— brownish buff. Seeds green, dull. 

Type 14.— Late, trailing, profuse branching. Stem green with purplish 
splashes, slightly hairy. Leaves large, foliage green- Flowers lemon-yellow. 
Pods hairless ; unripe— dark green ; ripe-* brown. Seeds light green., shining. 

Type 15 . — Late, . spreading, profuse branching. Stem green with purplish 
splashes, hairy. Leaves large ; foliage light green. Flowers lemon-yellow. 
Pods hairy ; unripe — yellowish green ; ripe- -buff. Seeds light green, dull. 

2. Urid or black-seeded types , sub-variety — -Niger {Bose). 

Type 16.— Medium in maturity, spreading, moderate branching. Stem green 
with purplish splashes, hairy. Leaves rather large ; foliage green. Flowers 
lemon-yellow. Pods hairy ; unripe — yellowish green ; ripe— brownish buff. Seeds 
grey back-ground with very heavy black marbling, grade 1 , shining. 

Type 1 7. —Medium in maturity, spreading, very profuse branching. Stem 
green with purplish splashes, very hairy. Leaves large; foliage light green. 
Flowers lemon-yellow. Pods very hairy ; unripe — green ; ripe — brown. Seeds 
grey back-ground with very heavy black marbling, grade 1, shining somewhat. 

Type 18. — Medium in maturity, spreading, profuse branching. Stem green 
with purplish splashes, slightly hairy. Leaves rather large ; foliage light green. 
Flowers lemon-yellow. Pods hairless ; unripe — dark green ; ripe — dark brown. 
Seeds grey back-ground with, very heavy black marbling, grade 2, shining 
somewhat. The hilum has a greenish border. 

Type 19.— Medium in maturity, spreading, moderate branching. Stem green 
with purplish splashes, hairy. Leaves small ; foliage light green. Flowers 
bright yellow. Pods hairy; unripe — dark green; ripe — dark brown. Seeds grey 
back-ground with very heavy black marbling, grade 1, dull. 

Type 20, — Medium in maturity, semi-erect habit, moderate branching. Stem 
green with purplish splashes, hairy. Leaves rather large ; foliage dark green. 
Flowers lemon-yellow. Pods hairy ; unripe — green; ripe — brown. Seeds grey back- 
ground with very heavy black marbling, grade 1, dull. 

Type 21. — Medium in maturity, spreading, profuse branching. Stem green 
with purplish splashes, hairy. Leaves rather large, foliage light green, Flowers 
lemon-yellow. Pods hairy ; unripe— green ; ripe — brown. Seeds grey back-ground 
with very heavy black marbling, grade 1, dull. 


Type 22.— Early, spreading, scanty branching. Stem green with purplish 
splashes, hairy. Leaves small ; foliage light green. Mowers lemon* yellow. Pods 





m 
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hairy ; unripe— green ; ripe— brown. Seeds grey back-ground with heavy blade 
marbling, grade 2, shilling somewhat. 

Type 23, — Medium in maturity, trailing, very profuse branching. Stcm^gieen 
with purplish splashes, very hairy. Leaves large; foliage light green. Mourn s 
lemon-yellow. Pods hairy ; unripe — green ; ripe — brown. Seeds grey back -ground 
with heavy black marbling, grade 2. shining somewhat. 

Type 24, — Medium in maturity, semi-erect, profuse branching. Stem green 
with purplish splashes, hairy. Leaves rather large, foliage dark green. Mowers 
lemon-yellow. Pods hairy; unripe— green ; ripe— brown. Seeds grey back-ground 
with heavy black marbling, grade 2, dull. 

Type 25, — Late, spreading, moderate branching. Stem green with purplish 
splashes, slightly hairy. Leaves large, foliage green. Flowers pale yellow. Pods 
hairless ; unripe-— yellowish green ; ripe— brownish bull. Seeds dark green back- 
ground with sparse black marbling, grade 3, shining. 
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(With 15 text-figs.) 

In a previous paper [Mubherjee and Sen, 1931] the titration curves of sparingly 
soluble acids (cinnamic, isophthalic and p-toluic acids) with or without excess of 
solid phase have been given. These curves show one dissociation constant inspite 
of the particles hawing dimensions much larger than what is usual with colloidal 
particles. In connection with the calculation of the dissociation constant and the 
interpretation of the curves which underlie such calculations, the shortcomings of 
the usual interpretations of titration curves of soils, of colloidal acid clay and 
similar systems have been briefly indicated. The dissociation constants were 
calculated according to the simplified formula pH = pK + log 

In the case of a colloidal solution of aluminium hydroxide it was shown that 
traces of electrolytes present exert a great influence on the behaviour of the sol. 
Silica and alumina are the chief constituents of a lumino-silieates and further work 
has been done with sols of these two substances. Potentiometric and conducto- 
metric titrations of a humic acid so! have also been carried out. 

It has been indicated in the introduction to Part I that systems of colloidal 
acids or bases require a theoretical treatment different from that of acids and bases 
in * true J solution. It will be seen from the titration curves of silicic and humic acids 
that such a differentiation is called for. One of the main results so far obtained is 
that these colloidal solutions of acid substances have in many respects the pro- 
perties of a strong acid and in fact the properties of an ultra strong acid. The 
latter statement is made with some reserve pending further work. The im- 
portance of traces of electrolytes specially of carbon dioxide from the air is often 
overlooked in the work on soil systems, and attention has been drawn to the 
magnitude of the effect it may exert on the observations. The experimental 
work in these series of papers is closely related to some fundamental problems in 

* The thanks of the authors are clue to the Imperial Council of Agricultural Research for a research 
grant which has enabled them to carry out this work. 
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colloid chemical analysis [Miikhecjee. Royehoixdhury and Biswas, 1931 ; Weiser, 
1931 ; Rabinowitsch and Kargan, 1928 ; Wassilew and Rabin o wit sch.. 1931 ; 
Wintgen and Biltz, 1923 ; Wintgen and Knlia 1928 ; Muttone and Pauli, 1931], 
and for building up a rational basis for the interpretations of the data attention 
might with advantage be paid to the need for simultaneous measurements of several 
types. An arrangement* which admits of such simultaneous measurements has 
been described and results obtained with an aluminium hydroxide sol have been 
given* 

Experimental. 

Preparation of the sols . 

(1) Silicic add sol. — Thirty cubic centimeter of hydrochloric acid { KaMbrmm , 
Pro Analyst) were diluted with 100 c.c. of water. 75 c.c, of sodium silicate solution 
(density 1*16} were poured into it accompanied by stirring, the mixture was dialysed 
in a parchment bag against repeated changes of distilled water till the sol had become 
slightly turbid (between pH 3*0 to pH 4*0). The sol was stocked in a Jena glass 
bottle. This sol remained stable without setting for about seven days. Three 
different sols (I, II, III) were prepared in this manner for this work. The sols 

had different silica contents. Coagulated masses of silica were noticeable after 

sometime. 

( 2 ) Humic acid sol . — Five grains of Merck's humic acid were taken in a 2 litre 
Jena glass bottle and shaken with 2 litres of conductivity water for 6 hours and 
allowed to rest for 3 days during which the coarser particles settled below leaving 
a stable sol. No sediment deposited during the period of work. 

( 3 ) Aluminium hydroxide sol . — A litre of 0*1 N ammonia solution was added 
with constant stirring to a litre of 0*1 N aluminium chloride solution. The pre- 
cipitate was washed at first by decantation and then by the help of a centrifuge. 

The precipitate began to be peptised gradually. After a few washings by the 

centrifuge the final precipitate which remained gave a fairly finely dispersed sol 
when suspended in water. This sol had a slight tendency to settle. After a few* 
days the upper finely-dispersed portion was siphoned off into another bottle. The 
sol thus obtained was very stable and showed no sign of settling for several 
months. 

Stocking of the ahmimum hydroxide sol . 

This sol had a conductivity comparable to that of k v conductivity ” water. 
The following procedure was adopted to free it from dissolved carbon dioxide and 
to keep it free from carbon dioxide and oxygen of the air : — The sol was heated on a 
water bath for 4 hours and cooled in a Jena glass bottle fitted with a cork 
with three holes, through one of wh ich a long vertical tube was inserted , 

* This arrangement and tine results with it have been arrived at in collaboration with Sai o j Kumar 
Dasgupta and Ashutosh Ciiatterjee who were working on colloid chemical analysis hi this laboratory, 
ffcia nortimi baa been also senaratelv communicated for publication in connection with their work. 
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This tube was bent twice at its top at right angles and the other end passed 
through a cork fitted to the top of a burette which was connected to a suction 
pump (Fig. 1). Through the other two holes two bent glass tubes fitted with 
glass stopcocks permitted respectively the inlet and outlet of pure hydrogen. 
The cooling took place while a constant stream of pure hydrogen passed 
through the sol. The hydrogen stream was stopped when the sol attained 
the temperature of the room (about 5 hours). Samples were taken from this 
stock sol by passing hydrogen through the inlet tube and suction from a small pump 
applied at the top of the burette. The sol collects in the burette. The inlet tube 
of hydrogen is closed and hydrogen passed through the top of the burette so as ! o 
allow the sol to drain through the burette as usual. 
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Potentiomelria titrations . 

Tlie potentioinetric titrations were carried out in an arrangement shown in 
Figure 2 with a baryta solution of known strength in a micro burette.. The titration 
vessels which contained a definite volume of the sol consisted of a wide mouthed 
Jena glass bottle provided with a tightly fitting rubber cork through which five 
holes were bored for admitting (1) the stem of the burette, (2) the platinum elec- 
trode, (3) the hydrogen inlet, (4) a stirrer and (5) a bent glass tube provided with 
a stopcock. The last secured connection with a second wide -mouthed Jena glass 
bottle containing the same sol, and was connected in turn by means of a similar 
bent tube with a saturated KC1 solution in a beaker. Hydrogen was also passed 
into the second vessel containing the sol. The e. in. f. was measured against a 
normal calomel electrode;. All measurements were carried out in a thermostat 
whose temperature remained constant at 35±*1°C. 


zlk&li 

reservoiV 




Fig. 2. 

Potentipmetric Titration 
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I! 


Conductometric titrations. 

The conductometric titrations were carried out with a Leeds North rup 
‘student type ’ conductivity bridge calibrated i.e., the errors for different readings 
are known. The sol was taken in a microburette and added in instalments to a 
baryta solution contained in a wide mouthed 100 c.c. Jena glass bottle fitted with a 
rubber cork with four holes for admitting (1) the burette, (2) the two electrodes, (3) 
a stirrer, and (4) a tube for passing hydrogen (Fig. 3). The thermostat was main- 
tained at 35± 1°0. 


Cm i 

* r't 





A 


. j 
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Estimation of carbonate. 

The amount of carbon dioxide present in the sol, in spite of these precautions, 
was estimated as follows (Mg. 4) : — > 


Standard 

Baryta^ 


A 150 c.c. conical flask (A) was provided with an air-tight rubber cork provided 
with three holes, respectively for the inlet and outlet of pure hydrogen and for the 
introduction of a small separating funnel. The flask containing a definite amount 
of the liquid was gently heated on a water hath while a slow stream of pure 
hydrogen passed through it and chased out the carbon dioxide. The outlet was 
connected to a conical flask (B) provided with an air-tight rubber cork and con- 
taining a known volume of baryta solution of ascertained strength. The current 
of hydrogen was continued through £ A ’ long enough to chase out all the carbon 
dioxide. The bulb and the stem of the separating funnel fitted to 4 A * contained 
dilute sulphuric acid. After the carbon dioxide has been chased out for sometime, 
dilute sulphuric acid was poured into ‘A * from the separating funnel, thus liberating 
carbon dipxide from any carbonate that may be present. The baryta w r as titrated 
against a standard solution of HC1 using methyl red as indicator with usual pre- 
cautions. 

An improved titration vessel , suitable for our purpose, which admits of simul- 
taneous measurements was used for both potentiometric and conductometric 
titrations in the latter part of our work (Fig. 5). An Erlenmeyer flask of pyrex 
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glass was sealed a little above its open end and seven air-tight ground-in joinis 
admitted a ground-in thermometer stem and five ground-in pyrex glass tubes, with 
appropriate fittings, which serve as follows (a) An inlet for hydrogen gas ; (b) an 
internally sealed double tube containing platinum electrodes suitable for conductivity 
measurements ; the electrodes were fixed in position with sealed glass rods so that 
they remain parallel and at a fixed distance apart ; (e) a platinum electrode sealed 
at the end of a glass tube used as hydrogen electrode ; (d) secures a connection with 
a large vessel containing saturated potassium nitrate* ; ( e ) an Ag/AgCl electrode. 
Through the seventh opening passed a tight fitting rubber cork containing two holes, 


I ' '4 



* The tips of a normal calomel electrode for measurement of the hydrogen ion concentration and 
of a vessel containing an Ago/AgCl electrode in 0*01 N HOI were dipped into the potassium nitrate 
solution. 
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through one of which was inserted the mouth of a burette, while through the other 
passed the tip of a gas trap which served as the outlet of hydrogen. This vessel 
allows the change in hydrogen ion concentration, chlorine ion concentration and 
conductivity to be followed with the gradual addition of baryta free from carbon 
dioxide in an atmosphere of pure hydrogen as also other types of simultaneous 
measurements, sometimes necessary in analysis of colloidal systems, where ageing and 
other changes in the sol render it most desirable to take all relevant measurements 
at the same time. 


j Estimation of total chlorine. 

The total chlorine contents of the sols were determined by means of silver-silver 
chloride electrodes (prepared as given by Noyes and Ellis, 1917), by electrometric 
titration using a saturated solution of silver chloride for the reference electrode. A 
measured volume of the sol was dissolved in nitric acid. To this solution solid 
potassium nitrate was added so as to make its concentration 5 per cent, and titrated 
with a centinormal AgN0 3 solution from a microburette. The titration was con- 
tinued after the change in the sign of the e. m. f. The total chlorine was calculated 
after plotting the results in a curve. 

Chlorine ion concentration . 

The chlorine ion concentration was determined by means of silver-silver chloride 
electrodes previously prepared. Two of these electrodes were dipped respectively into 
a KOI solution of known strength and into the colloidal solution under investigation. 
Connection between the two was secured through a saturated solution of potassium 
nitrate. 

Reliability of the Ag-AgCl electrodes used . 

The reliability of the silver-silver chloride electrodes was tested carefully. 
When not in use the electrodes were kept in a vessel wrapped with black paper. 
The following Table will show the reliability of the Ag-AgCl electrodes. 


1-75 JL HOI 

oO 

Ag-AgOI 


Sat. KNO s 


1,M So HC1 
Ag-AgOI 
+ 


Observed e.m.f. of the above cell— 0*0405 volt. 


Also e.m. £. calculated from • 
and Youag, 1928) - 


as 0*0397 volt (from the figures givon by Randall 
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; Preparation of hydrogen (Fig. 6 ). 




The hydrogen was obtained from the electrolysis of caustic soda solution with 
platinum electrodes and freed from oxygen by passing the gas dried over sulphuric 
acid and calcium chloride through copper gauge heated electrically to about 400°d 
The gas was then passed through soda lime and then through bubblers containing 
respectively pure water and the solution to be used. The conductivity of the pure 
water was tested at intervals to ascertain the absence of electrolytic impurities in 
the gases. In the first portion oi the work electrically heated platinum wires were 
used instead of the copper gauze. 



reactions responsible fob soil acidity, part il 


A. — Silicic add sol 

(i) Potentiometric titration of silicic mid sol — Successive readings were taken 
at half an tour intervals which was necessary for the attainment of an equilibrium 
value of the e.m.f„ 75 c.c. of the sol was taken in each case. 
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* 

Sol II (3:1, i.e., diluted 
with an equal vol. of 
water Curve IV) 

Sol III (1:1, 

Curve V) 

Sol III (1:4, Curve VI) 

Sol 111 (1:4, 

Curve VII) (Repeti- 
tion of Curve VI) 












Alkali 

pH 

Alkali 

pH 

Alkali 

pH 

Alkali 

PH 



c.c. 


e.c. 


c.c. 


c.c. 


j.- 


0 

4*54 

0 

3*00 

0 

3*67 

0 

3*70 

■) 

•i 


0*2 

5*23 

1*0 

3*49 

0*4 

3*92 

0*5 

3-97 

i : 

; 


0*4 

5*84 

2*5 

3*81 

1*0 

4*21 

1*0 

4*25 

i 

! 


0*5 

6-91 

3*0 

3-81 

1*6 

5*07 

1*5 

4*77 

! 


0*6 

5*91 

3*5 

3-87 

1*8 

5*23 

2*0 

5*77 

** 

0*7 

6*55 

4*0 

4*04 

2*0 

5*63 

2*5 

7*07 



0*8 

6*55 

4*5 

4*20 

2*2 

(5-02 

3*0 

7*47 

;i 


0*9 

6*55 

5*0 

4*73 

2*4 

6-22 



1 


1*0 

6-67 

5*5 

5*05 

2*8 

6*51 



S 

\ 


1*1 

6*75 

6*5 

5*63 

3*0 

6*62 



i 


1*2 

6*75 

7*0 

5*72 





:"l 



. . . 

7*5 

5*74 









8*0 

5*79 





’ ' | 




8*5 

6*00 


' “ ■ ■ 







9*5 

6*48 


•• 



1 




10*0 

6*53 


'' 



! 

* i 

4 



10*5 

6*67 








* * 

11*5 

6*79 


•• 







12*5 

6*80 


«* 







13*0 

6*80 


* * 

• f 

• * 


: 
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(ii) Conductometric titration of silicic acid sol — Successive readings were taken 
at half an hour intervals to make sure that equilibrium was attained. 50 e.c.s. of 
0*000927 N baryta solution were taken in the conductivity vessel and silicic acid sol 
(III) was added from the burette. 
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Table III. 


(Curve VIII) 


Sp. conductivity x I0 4 


Poientiomebm titration 

Curve I was obtained by titration with 0*1815 N 
baryta. It lias the form of a titration curve of 
a dibasic acid. On closer examination it is 
found that the time of contact is a great factor 
in determining the slope of these titration 
curves. With a slow rate of addition of the 
alkali the rate of rise of pH diminishes (vide 
Curves II, III, VI and VII). Comparing Curves 

VI and VII we find that on the addition of the 
same amount of alkali (3 c.c.) to a definite 
volume of a particular silicic acid sol the pH 
increases from 3*67 to 6*62 in Curve VI when 
the alkali has been added in nine instalments 
(taking 4§ hours) while in Curve VII the pH 
increase is from 3*70 to 7*47 where the alkali 
has been added in six instalments (taking 3 
hours). Curves VI and VII show that even the 
form of the curve materially depends on the 
manner of the addition of the alkali. Curve 

VII shows for the same amount of alkali added 
only one stage of neutralisation and that a 
fairly strong acid is being neutralised. This is 
an important point to be remembered and will 
be referred to later. 
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Attention has akeady been drawn [Mukherjee and Sen, 1931] to the role of 
small amounts of electrolytes in these titrations. The quantities of acids and 
bases involved in these sols are small. Apart from the effect of the possible 
variation in the amount oi electrolytes taking part in the reaction, the colloidal 
system itself changes with time. The question of the reproducibility of the results 
therefore deserves special attention. With usual precautions the results are not 
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always exactly reproducible (Curves II and III, VI and YII). With silicic acid sols 
visible flakes appear with time. In the case of a particular sol of silicic acid it set 
on the addition of a certain minimum amount of alkali indicating that the acidity 
of the sol near the electrode remains unaffected. The measurements with this sol 
were discontinued. This observation requires further attention. These consider- 
ations show the need for circumspection regarding the technique and interpretation 
of the data in such measurements (see Curve IY in particular). 

A rough estimate of the dissociation constants, assuming that monobasic weak 
acids are dealt with, can be formed from the total acidity indicated by the curve. 
The total acidities and the dissociation constants corresponding to the two stages of 
neutralisation for the different curves are given below. 


Table IV. 


Curve No. 

Total acidity 

Dissociation constants 

1st stage 

2nd stage 

1st stage 

2nd stage 

I . 


. 

. 


0-0034 N 

0*0054 N 

6-33 X I0' 1 

1-35 xlO’ 11 

V . 





0-00068 N 

0-001 1 N 

1-63 xlO' 4 

•59x10 6 

VI 





0-00017 N 

0-00024 N 

1-56 X 10‘ a 

3-85 XXO’ 6 


The role that may be played by the carbon dioxide from the atmosphere and 
that present in the sol should not be overlooked and hence measurements should be 
carried out after eliminating as far as possible this source of disturbance. The 
significance of these dissociation constants and the theoretical aspects of such cal- 
culations will be dealt with in a later paper. The initial and final pH values in the 
titration curves have not been used and the figures given indicate the average of 
those values which lie within that stretch of the curve which gives fair agreement 
between the calculated constants. The conductometric and potentiometrie curves 
,,-ive different amounts of total acidity as sho\yn in Table V. 
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Table V. 


Sol 

Titration 

Curve number 

Total acidity 


Potentiometric 


I 

( 0*003448 N* 

Silicic I . 

• 

) 0*00544 N 

„ II (1=1) • • 



IV 

0-00008034 N 

V 0-0006798 N* 

„ HI (1:1) • 

>? • 

• 

V 

, 0-001125 N 

( 0-0001668 N* 

„ HI (1:1) - 

• 


VI 

< 0-0002472 N 

„ HI (1:4.) . 

j» • 

. 

VII 

0-0002619 N 

„ III 

Conductometric 

. 

VIII 

0-02806 N 

**Humic I 

Potentiometric 


XII 

0-00007168 N 

**Humic I (1:1) 

Conductometric 

• 

XIII 

0-00220S N 


* The two values m these cases represent total acidities as calculated from the two stages of neutra- 
lisation respectively. 

** Of. Tables VII and VIII (Curves XII and XIII) given later. 

The conductometric titration also shows that we are dealing with a fairly strong 
acid. This is in agreement with the observations of Kabinowitsch and Laskin [ 1928 ] 
on siticic acid sols. The conductometric titrations give total acidities which are 
several times greater than that obtained from potentiometric titrations. The values 
obtained from the latter are in turn much greater compared to the free acidities 
indicated by the pH values. This implies on the other hand on the basis of analogy 
with solutions of true acids a low degree of dissociation. The steepness of the rise 
after neutralisation of the sp. conductivity is striking in this connection (vide also 
Kabinowitsch and Laskin, (loc.-cit.). The presence of neutral salts of the colloidal 
acidic substance formed by the interaction does not seem to have so pronounced an 
effect on the increase in hydrogen ion concentration on further additions of the acid 
as one would expect from the interaction under similar conditions between a weak 
acid and its salt. In fact the rise shows that hydrogen ion concentration is almost 
proportional to the amount of ‘ acid 9 . added which can only be the case for a very 
strong acid. The great difference in the total acidities obtained by the two methods 
can be explained as being due to the fact that in the case of the conductometric 
titration we are adding small volumes of the sol from the burette so that in this case 
the pH has a value always on the alkaline side ; consequently all the hydrogen ions 
associated with the colloidal particles react with the alkali. Electrometric titrations 
of the alkali with the colloidal acid will show how far this explanation is correct. 

The hydrogen ion concentration of silicic acid sol (III) at three dilutions are 
given in Table VI. 

Table VI. 

Dilution of sol 0 H 

0-00832 

1 ; 1 - 0-00107 

1:4 0-000219 
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If we plot the Oh in Table VI against the relative concentrations of silicic 
acid sol we get Curve IX. Curves X and XI were obtained from the work of 
Pallmann [1930] on electrodialysed acid clay and humic acid suspension respective- 
ly. Curves IX', X' and XI' give in the same figure the variations of Oh with 
square root of relative concentrations. It will be seen that all these curves have a 
1 concavity towards the ordinate which show that we are neither dealing with another 

weak acid nor with a strong acid as ordinarily understood in classical electrochemis- 
try. The concavity indicates an increase of the activity co-efficient with concentra- 
* tion instead of a decrease. The curves below thus show great divergences from 


a i the concept of weak acids as they are ordinarily understood. The acids behave as 

ultraslrong acids . 
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The above facts can be explained by the following tentative picture. On the 
surface of the colloidal particle (the primarily absorbed layer) there is a certain 
number of primarily absorbed ions whose valency determines the so-called 
6 basicity' of the colloidal acid. Around the primary layer, there is a secondary 
layer of H ions whose activity is determined by the measured electrode potential 
As the distance between two particles is decreased by increasing the concentration, 
the H ions in the outer layer of one particle influence the distribution of Ttl ions 
on the outer layer of other colloidal particles in such a way that the observed 
activity is much greater than what can be calculated from classical electro- 
chemistry. At higher concentrations of the colloidal particles, regions of the 
double layer overlap in such a way as to lead to the entrainment of a part of the 
free hydrogen ions and thus lead to a sharp change in the curvature indicating a 
rapid diminution of the observed activity of the hydrogen ions. These con- 
siderations will be taken up in detail in a subsequent paper . 

B.-— Humic acid sol. 

Table VIII. 

Conductometric titrations with humic aicd 


Table VII. 

Potentiometnc titrations with humic acid 
soL 

{Strength of baryta— O' 00927 N.) 


(Strength of baryta — 0*0000927 N .) 


Sp. conductivity x 10 5 


Alkali 
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From the above Tables we find that humic acid sol does not also show any 
regular behaviour. There is no marked break in the curve. The conductometric 
titration curve shows again the same feature that in this case also we are dealing 
with a strong acid. This system will be taken up in detail in a subsequent paper. 









REACTIONS RESPONSIBLE FOE SOIL ACIDITY, PART II 


(J. — Aluminium hydroxide soL 
Table IX. 

Potenliomstrie titration with alurainimr hydroxide sols . 
strength of baryta solution=0*00732 N. The titration was done twice for 
observing the reproducibility ,) 

I (Curve XIV) II (Curve XV) 

Jali I pH Alkali P _ _ " 


^Coagulation was noted at this stage. It was not looked for earlier. 

^ >5c After this point the sol was found to have precipitated and the e.m.f, was unsteady. 
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Table X. . 


(Sol=50 c.c. ; strength of baryta solution^ 006213 N). The titration was continued for 
several days and was done twice for observing the reproducibility. 


I (Curves XVI a to 1>) 

II (Curves XVII a to b) 


Date of measure- 
ment 

Alkali 

pH 

Date of measure- 
ment 

Alkali 

pH 


c.c. 



c.c. 


17th February 1932 . 



22nd February 
1932 



(Curve XVI a) * 

0 

6*68 

(Curve XVII a). 

0 

7*18 


0*1 

7 '24 


0*1 

7-61 


0*2 

7*78 


0*2 

8*06 


0*3 

8*09 


0*3 

8*32 


0*4 

8*86 


0*4 

8*72 


0*5 

S*S5 


0*5 

8*71 


0*6 

8*81 


0*6 

1 

8*70 

18th February 1932 



23rd February 
1932. 



(Curve XVI b) . 

0*6 (mixture of 
previous day) 

7*21 

(Curve XVII b) 

0*6 (mixture of 
previous day) 

7 64 


0*7 

7*81 


0*7 

; 8*07 


0*8 

8*12 


0*8 

8*28 


0*9 

8*53 


0*9 

8*58 


1*0 

9*13 


1*0 

8*57 


3*1 

9*12 


1*1 

8*59 


1*2 

9*16 


1*2 

8*61 


1*3 

9*32 


1*3 

8*87 


1*4 


9*36 


1*4 


8*89 



I (Curves XVI e to e) 


II (Curves XVII e to d) 


Date of measure- 
ment 


Date of measure- 
ment 


Alkali 


19th February 1932 
(Curve XVI c) . 


1*4 (mixture of 
previous day) 


24th, February 
1932. 

(Curve XVII c) . 


1*4 (mixture of 
previous day) 


2*1 (mixture of 
previous day) 


7*30 


8*13 


8*09 


8*34 


6*77 


6*64 


6*54 


6*54 


20th February 1932 
(Curve XVI d) 


9*07 


9*22 


9*22 


21st February 1932 
(Curve XVI e) . 


2*3 (mixture of 
previous day) 


6*14 


6*13 


6*12 


6*41 
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Table X—contd. 

[Sol— 50 c.c. ; strength of baryta solution =0' 00621 3 N). The titration was continued 
for several days and was done twice for observing the reproducibility. — contd. 


25th February 
1932, 

(Curve XVII d) 


2*2 (mixture of 
previous day) 
2*3 

2*4 

2*5 

2*6 

2*7 


7*45 

7*68 

7*83 

7*98 

7*97 

8*03 



n 
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Simultaneous measurement of changes in II ion , Cl ion and in s*p. conductivity in the 
newly devised titration vessel by the gradual addition of baryta solution {0 '001 11 ]V), 

(75 c.c. of aluminium hydroxide sol was taken. Half-an-hour interval was 
allowed as before between two successive readings so as to obtain constancy in the 
results.) 


pH 

(Curve XVIII) 
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In the case of aluminium hydroxide sol, as already stated in the experimental 
portion, greater precaution was taken to prevent the sol from coming into contact 
with the oxygen or the carbon dioxide of the air. It will he found that the results 
in Table IX (Curves XIV and XV) are fairly reproducible. Also from the results 
summarised in Table X we find that Curves XVI(«) and XVII (a), which were gone 
through in one day and in the first day of each series, show fairly satisfactory repro- 
ducibility, but the reproducibility of the other corresponding curves (Curves XVI(b) 
and XVII(6) , XVI(c) and XVIl(e), etc.) are far from being satisfactory. Moreover, 
we find from Table X that on keeping a mixture of sol and baryta overnight au 
increase in acidity is observed on the following day. Evidently in such cases the 
time of interaction of the alkali with the sol is a very important factor. Moreover 
as tlie sols are allowed to lie overnight, there is an increased possibility of the access 
of carbon dioxide into the sol, inspite of all the precautions taken, and this is one of 
the reasons for not obtaining reproducible readings of two series of experiments on 
2nd, 3rd and successive days (Curves XV 1(b) and XVII(6), XVI (e) and XYH(c), 
etc.). We have determined the carbonate content of aluminium hydroxide sol and 
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of the sob left over after the end of the experiments (Op, 
gives the results. 


The results represent mean of two observations which agreed within 10 pet cent. 


It would be apparent that with the precautions taken (older apparatus) the 
access of carbon dioxide into the system during the experiment could not be 
excluded. 

The initial portion here also resembles the neutralisation of a strong acid. 

The results given in Table XI were taken with the apparatus with sealed in 
ground glass, joints. The hydrogen ion and chlorine ion concentrations and the 
specific conductivities were taken simultaneously with a much greater precaution to 
exclude oxygen or carbon dioxide. This sample of aluminium hydroxide sol was 
stocked in an arrangement in which the access of these gases was carefully avoided. 
The results obtained show greater concordance. Curve XVIII shows that the 
sample of aluminium hydroxide sol has the character of a strong acid. The end 
point of titration with baryta solution was approximately the same both with the 
potentiometric and conductometric titration curves (Curves XVIII and XX). The 
curve representing the variation in Cl ion (Curve XIX) is complicated but shows 
a minimum at approximately the same region, namely the end point of the titration 
(0*7 c.c. of the baryta solution). The titration of aluminium hydroxide sols will be 
taken up fully in a subsequent paper in the light of the knowledge gained in this 
and the previous papers. 

The results obtained in the present paper emphasise the need of great caution 
in accepting the conclusions often drawn from experiments with sols as also from 
titrations of acid clay and soil. The present work suggests that adequate attention 
should be paid to the exclusion of oxygen and carbon dioxide, and to the special 
aspects arising out of interactions involving interfaces. The results with silicic acid 
sol and humic acid sol show that characteristic interactions involving interfaces are 


Sample 

Gone, of carbonate in normality 

Original sol . . „ . ... 

. 0*000350 

I Residual sol of Table X 

0*000748 

II Residual sol of Table X 

0*000508 


666 


INDIAN JOURNAL OR AGRICULTURAL SCIENCE 


[II, VI. 


present and that ordinary preparations of colloidal solutions of common acidic sub- 
stances show peculiarities which are not contemplated in the classical electro- 
chemistry of molecular solutions of acids. The approximate values of the dissocia- 
tion constants of a weak acid, like silicic acid, the variation in its hydrogen ion 
concentration with the concentration of the sol and the forms of the conductometric 
titration curves show the necessity for a departure from the usual electrochemical 
notions and for a different theoretical treatment on the lines outlined by one of us 
[Mukhcrjce, 1922, 1925, 1929 ]. 

Summary. 

1. It has been shown that colloidal solutions of silicic acid behave in many 
respects as a strong acid and, as far as present evidence indicates, in some respects 

l ■ eV en as an acid stronger than the so-called strong acids. In some other respects it 

i k as the character of a weak acid. Humic acid (colloidal) also shows in some 

j respects the character of a strong acid. 

2. Experimental evidence has been given showing the need for accurate techni- 
que and exclusion of carbon dioxide in such measurements. 

3. The peculiarities of interactions involving interfaces are brought out. 

4. The role of small amounts of electrolytes is shown to be considerable in 
determining the form of the titration curve of an aluminium hydroxide sol, 

5. Arrangements devised for further work, -which exclude carbon dioxide and 
oxygen and also allow simultaneous measurements necessary on theoretical grounds 
in such cases, but which have been so far overlooked in work with colloidal clay 
and soil, have been described. 
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Sclerospom graminicola (Sacc.) Schroet. has been studied extensively in recent 
years. It has been recorded chiefly on the species of Setaria from many parts of 
the world and also on Pennisetum typhoideum L. in India, The occurrence of 
physiologic specialisation in this parasite has not been clearly demonstrated, 
although suggestions have been made from time to time that this fungus does not 
pass from one host to another under field conditions. This view could not, how- 
ever, be tested experimentally since the conditions under which oospores of the 
fungus can infect its hosts were not fully determined. The recent work of Melhus 
et al. [1928], of Uppal and Kamat [1928], and of Hiura [1929] in inoculating 
successfully the hosts of , Sol. graminicola with its oospores, has made it possible for 
this study to he made. The results of this investigation, a summary of which has 
previously been reported [Uppal and Desai, 1931], are presented in the following 
paper. 

Comparative study op Sclerospom graminicola on different hosts. 

Morphological characteristics. 

The life-cycle of Sclerospom graminicola on all its hosts comprises a conidial as 
well as an oosporic phase. The material of the conidial phase of the Sclerospora on 
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Penuisetum n collected tom tie leaves of infected plant, at Poona dunng the 
period ol optimum comdioplor. production from 3 to 4 a m and snndar materral 
of the fungus on Setaria italica (L.) Beauv. was secured from Madras through the 
courtesy of Mr. S. Sundararaman. The Madras material was lulled in 70 per cent, 
alcohol with a trace of formaldehyde ; but it was so badly plasmolysed that it was 
not in a good condition for study. The conidial material from Penmsetum only was 
therefore compared with the material of the conidial phase of Sclerospora grammi- 
cola on Setaria viridis (L.) Beauv. and 5. magna Griseb., previously studied by 
Weston [1924] and Weston and Weber [1928] in the United States. _ 

The material of the resting-spore phase of the fungus on Setaria viridis, 
S. magna and 8. italica was kindly furnished by Dr. I. E. Melhus Dr. George I . 
Weber and Mr. S. Sundararaman, respectively. Similar material on Penmsetum 

was collected at Poona. 

The conidial stage.- An excellent description of the structural development of the 
conidiopliore of Selerospom graminioola on Setaria viridis lias teen given by Weston 
[1924-1 He says, “ In Sclerospora graminicola , on the contrary, one of the . primary 
branches stands out more or less obviously as a continuation of the mam axis both m 
direction and in extent of growth. From the continuation of the mam axis other 
main and secondary branches grow out at irregular intervals, usually at angles of 
45 ° to 90°. As a result, the conidia at the ends of the branches lie more frequently 
in irregularly disposed groups than in an approximate hemisphere,” as is the case in 
Sclerospora sorghi (Kulk.) Weston and Uppal, and the conidial Selerosporas of the 
Orient. The description becomes very vivid when the illustrations of the well- 
developed conidiophores of the Sclerospora on Penmsetum are examined (P a e 

The sterigmata of Set graminicola on Selma magna and S. mndis (cf. Weston 
and Weber, 1928, Fig. 4, B ; Weston, 19241 Plate 2, N, T. V, W) agree in shape and 
arrangement with those of the fungus on Penmsetum (Plate LXXI, Al, o. 4). In 
length, however, they show great variation on all the hosts, usually varying from 

3-3 to 13-3 p, the average length being about 7 p. . _ . 

The average length of the conidiophores of Sol. graminicola on differ ent hosts is 
not as variable a feature as Melhus el al. [1928] considered. Although they _ show 
a wide range in individual variation from about 190 p to 370 p as shown in the 
following two sets of measurements, the average length ot conidiophores developed 
on different hosts is about the same. Melhus et al [1928] have given the average 
length of the conidiophores of the fungus on Setaria viridis as 267‘8 p. while the 
conidiophores developed on Penuisetum average 256 8 p in length. Weston [1924], 
however, has found the conidiophores o' the Sclerospora on Setaria viridis to vary 
from 100 p to 200 p, while Butler [1907] gives as low a figures as 100 p for the 


PI 
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fungus on Pennisetum. It appears therefore that these two writers did not use 
luxuriantly sporulating material, since the figures on the average length of coni- 
diophores given by ' Melhus et al. [1928] and the present writers differ markedly 
from the corresponding figures given by Weston and Butler. 


Length of conidiophores 
from Setaria viridis* 

375-3 (i 

234 % 

214% 

288 % 

241% 

319% 

234% 

241% 

273% 

308% 

214% 


11 | 2945% 


267% Average length. 


Length of conidiophores 
from Pennisetum ttiphoideum 


226% 

283*3p 


243% 


15 1 3852*8p. 


256*8(i Average length. 

There is, however, another feature of the conidiophoM of Sol. gmmnicoU, 
which, though it marks off this fungus as a distinct spec.es from such tarns as Set 
sorghi yet has a distinctive value in that it occurs with extreme regularity. This 
featr/i. that the couidiophorcs of the Sderospora on ?«»—«■ 
of Setaria are, as a rule, non-septate, only m way rare cases a « 

developed cutting off a basal cell (Plate LXXI A7; also see Weston, 1924, 
Plate 2, X, Y ; Weston and Weber, 1928, Pig. i ____ 

. These dat LShose reported by MelhuLvan Haltem and Bliss [I928L ^ ^ 
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Table I. 

Comparative measurements of oonidia of Sclerospora graminicola on Pennisetum 
typhoideim, Setaria magna and S. viridis. 


Length 

Diameter 


Living 

Preserved 


Living 

J 

Preserved 


material 

material 


material 

material 


from 

from 


from 

from 

Glasses In p, 

No . of 

No. of 

No. of 

Glasses in ££ 

No. of 

No. of 

I 

j No. of 

conidia 

conidia 

conidia 

conidia 

conidia 

j conidia 


in 400 

in 250 

in 400 


in 400 

in 250 

in 400 


Pennisetum 

Setaria 

Setaria 


Pennisetuw 

Setaria 

Setaria 


typhoideum 

magna * 

viridis* 


typhoideum 

magna? 1 

viridis * 

11 to 12*9 . 

0 

0 

7 

9 to 10*9 

0 

0 

1 

13 to 14-0 . 

3 

2 

25 

11 to 12*9 

1 

4 

111 

15 to 16*9 . 

15 

11 

67 

13 to 14*9 

21 

39 

162 

17 Co 18*9 . 

63 

35 

119 

15 to 16*9 

243 

105 

92 

19 to 20*9 . 

179 

59 

89 

17 to 18*9 

S2 

72 

30 

21 to 22 p 9 . 

75 

69 

51 

19 to 20*9 

48 

22 

4 

23 to 24*9 . 

47 

46 

22 

21 to 22*9 

5 

7 

0 

25 to 26*9 . 

14 

17 

10 

23 to 24*9 

0 

1 

0 

27 to 28*9 . 

2 

6 

6 





29 to 30*9 . 

1 

4 

1 

i 




31 to 32*9 . 

0 

0 

' 1 .1 





33 to 34*9 . 

1 

0 

. ; ; • • .! 

2 ] 





35 to 36*9 . 

0 

1 

. o 1 

- 

■■ 1. 

j 




* The date on the measurement of ccnidia of Schrospora grcimimccla on Setaria magim and S, 
viridis are those given by Weston and Weber [192S] and by Weston [1924], respectively. 

The conidia of Sclerospora graminicola developed on different hosts resemble 
each other in genera) characteristics. From the data presented in Table I, it will be 
seen that the measurements of the fresh, living spores of the fungus on the three 
hosts agree very closely. The modes of length of the conidia of the Sclerospora on 
Pennisetum and Setaria magna fall in the 19 to 21 g (or 17 to 19 g for preserved 
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material) and 21 to 23 fx classes, respectively. The mode of diameter of the conidia 
is the same, 15 to 17 (x class ; but in the- preserved material from Solaria vi-ridis, 
the class value is decreased by 2p. i,e., 13 to 15 (x. However, as suggested by 
Weston [1924], if the modes of length and of diameter of the preserved conidia are 
increased by one 2 p class, the agreement between the preserved material from 

* * Setaria viridis and the living material from Tennisetum and Setaria magna becomes 

very close. There is thus relatively little difference in the size of conidia produced 
on different hosts, and it appears that this characteristic persists unaltered when 
f the fungus develops on Pennisetum under sub-tropical conditions, 

i y Several large conidia were also encountered on the luxuriantly sporulating 

leaves of Pennisetum collected at night, and these measured from 38 to 43pX 20‘8 
to 25 (x (Plate LXXI, A 5). Similar bodies were also found by Melhus et al [1928] 
in the conidia! material from Setaria viridis , their measurements being 43pXl8*6jx. 
It is thus permissible to conclude that Shirai [1897], while reporting the size of 
giant conidia as 38*4 to 57*6pXl9*2 to 24(x, was probably dealing with the conidial 
phase of Sol. gramnicoh and not with that of any other species, as was Weston 
[1924] led to suspect. 

Although there is considerable individual variation in shape (Plate LXXI. A 6 : 
see also Weston, 1924, Plate 2, M ; Weston and Weber, 1928, Fig. 4, K), the conidia 
are usually broadly elliptical to rounded cylindrie. They also show an apical 

* papilla of dehiscence, which at germination gelatinizes, leaving a pore through 
which zoospores emerge. The germination of conidia is invariably by the formation 
of zoospores, although Weston and Weber [1924] have observed a few cases in Bel 
graminicola on Setaria magna , where the spores germinated by short abortive 
hyphae. The direct germination of conidia has not, however, been observed in the 
case of the Sclerospora on Pennisetum. The optimum temperature of spoliation 
of the Sclerospora on Pennisetum was 16 to 18 C C., and the conidia germinated pro- 
fusely at temperatures between 18 and23°C. The figures on germination show 
close agreement w r ith those reported by 1ft eston and Weber [1928] for the fungus 

* on Setaria magna. 

The oosporic stage. — While agreeing in the general characteristics of the oogoniai 
phase, the fungus on Pennisetum produces symptoms on this host, which readily 
f distinguish it under field conditions. The oosporic phase on Pennisetum, which 

. » develops at a later stage in the growth of the plant, differs markedly in that the 

! spores which are formed in the leaf tissue as brown dots do not cause the extensive 

destruction of the mesophyll (Plate LXXI, B 1) with the consequent shredding ol 
leaves into masses of tangled fibres characteristic of Sd. graminicola on Setaria (Plate 
LXXI, B 3 ; see also Weston and Weber, 1928, Plate 20) and of Sd. sorghi. 
In Pennisetum, however, only the leaves below the ears split into shreds. This 
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absence of shredding of the leaves of Penniseium is probably due to the scattered 
arrangement of the oospores in the leaf tissue, while in Set-aria these spores are 
arranged in linear rows, along which splitting takes place. The head is also 
affected and, as a result of this attack, exhibits teratological malformations of 
its parts. The shredding of the floral parts is characteristic of the fungus on 
Set-aria (Plate LXXI, B 4) but not on Pennisetum (Plate LXX1, B 2). 

Table II. 


Comparative measurements of oospores of Sclerospora graminicola on Pennisetum 
typhoideum, Setaria, italica, S. viridis and S. magna. 


Classes in 

Humber of oospores in 400 

{ 

Nmnber of 
oospores 
in 350 

Pennisetum 

typhoideum 

Setaria 

italica 

Setaria 

viridis 

Setaria 
magna * 

21 to 22*9 . 

• „ 


. 

a 

. 

0 

0 

0 

1 

23 to 24*9 . 

. 

<9 




0 

0 

0 

5 

25 to 26*9 . 

a a 

« 




5 

' 3 

8 

7 

27 to 28*9 . 


Q 




10 

3 

8 

10 

29 to 30-9 . 


m 




52 

| 40 

| 36 

87 

31 to 32-9 . 


CBS 


0 


56 

43 

52 

59 

33 to 34-9 . 

a 



m 


103 

94 

77 

58 

35 to 36*9 . 

i ea 


« 



115 

131 

143 

68 

37 to 38-9 . 

a 





31 

41 

35 

55 

39 to 40*9 * 

. 


0 



22 

37 

33 

36 

41 to 42*9 * 

* <* 


© 



2 

7 

9 

9 

43 to 44*9 . 

» ■ 


0 



2 

1 

3 

5 

45 to 4&9 , 

© « 




*1 

2 1 

0 

. 

1 | 

0 


♦The data on the measurement of oospores of Sclerospora graminicola on Setaria magna are t hose 
given by Weston and Weber [1928]. 


In shape and size the oospores of the fungus on different hosts show very close 
resemblance. They are spherical in shape, and their size also is very uniform, the 
majority (more than 75 per cent.) falling in the class between 30 to 36 p, the mode 
being 35 to 36*9 p (Table II). The single oospore within the oogonium is surrounded 
by a wall varying in thickness but most frequently 1*9 to 2*9 p (Table III), and 
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ranging from pale amber of Ridgway's a Colour Standards ” to a faintly golden 
colour. 

Table III. 

Comparative measurements of wall width of oospores of Sclerospora gramimeola on 
Pennisetum fcyphoideuxn, Setaria italica, S. viridts and S. magna. 


y 

Number of oospores in 150 

; . _ 

Glasses in jx 

f 

Pennisehtm 

typhoideum 

Setaria 

italica 

Setaria 

yiridij 

Setaria 

magna 

0*3 to 1*09 

18 

15 

4 

8 

1*1 to 1*89 

50 

38 

37 

46 

1*9 to 2*69 ....... 

66 

72 

84 

71 

2*7 to 3*49 

14 

22 

24 

20 

3*5 to 4*29 1 

2 

3 

1 

5 


Physiological distinctions . 

From the foregoing statement it will be seen that, except for some minor 
symptoms which this fungus produces on Pennisetum the Sclerospora on this host 
closely resembles the downy mildew on Setaria both in its oosporie as well as coni- 
dial phase. It was therefore of interest to study the host range of the fungus and 
also to determine whether there was any physiological difference in the forms found 
on the different host plants. 

As already noted, the greatest difficulty encountered in cross inoculations with 
Sd. graminicola was the failure of its oospores to germinate and cause infection of its 
hosts under controlled conditions, since it is very difficult to produce infection with 
the living conidia. This necessitated a large number of trials to determine the 
conditions under which infection takes place in bajri (Pennisetum typhomeum ). The 
results of these experiments have previously been reported, and show that it is 
possible to obtain artificial infection of this host by placing finely powdered oospore 
material on the seed in the soil [Uppal and Kamat, 1928]. Recently Chaudhun 
[1932] has also reported successful inoculation of bajri with oospores ; but it is sur- 
prising that this writer has made no mention whatsoever of similar results previously 
reported by Uppal and Kamat [1928]. 

The host plants used in these studies were Pennisetum typhoideum , Maria 
italica*, S. magna* and Euchlaena mexicana Schrad., and the oospore materials 

* The seed of Seta/ria ; fa Kca and S. magna was kindly supplied by Mr. S. Suudararaman. and 
Dr. George F. Weber, respectively. 


s 
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from all these hosts (except the latter) and also from Setaria viridis were used in 
cross inoculations. The seed of these hosts was sown in 6-inch pots filled with 
sterilised river soil. The seed-bed was watered in every case before the seed was 
sown. In each bed furrows were opened by a sterile knife, and the seed, which was 
moistened and rolled in finely powdered oospore material, was sown in the furrows. 
Enough oospore material was again placed on each seed before the furrows were 
closed with the soil In all cases water was supplied by capillarity. In cross in- 
oculation experiments two controls were always provided : in one case the oospore 
material of the fungus was used to inoculate its host, but no inoculum was used in 
the other case. The results are summarised in Table IV. 


Table IV. 

Results obtained by exposing four species of Poaceae to infection by oospores of Scle- 
rospora graminicola collected from four of its hosts . 



Species exposed to infection 


Per cent, plants infected* 
Oospores from 


Setaria itaMca 


Setaria magna 


ilplil , 
irtiatss I 


EucMaena mexicam ...... 71*0 40*0 14*0 

0*0 0*0 0*0 

Pennisetum typhoideum . . . . J 0*0 0*0 0*0 

0*0 0*0 0*0 

Setaria glaiica 0*0 0*0 0*0 

Panicum miliaceum . ... . . . 0*0 0*0 0*0 


*The total number of plants exposed to infection varied from 28 to 328 in each case. 


Setaria 

viridis 

Setaria 

magna 

Setaria 

italica 

Pennisetum 
typhoid eum 

70 

77*1 

83*3 

0*0 

55 

74*0 

43*7 

0*0 

2G*1 

18*1 

42*8 

0*0 

14*8 

47*8 

10*2 

. . 

48*1 

42*8 

21*8 

• - 


45*0 

... 

0*0 

71*0 

40*0 

14*0 

0*0 

0*0 

0*0 

0*0 : 

60*0 

0*0 

0*0 

0*0 

53*8 

0*0 

0*0 

0*0 

75*0 

0*0 

0*0 

0*0 

0*0 

0*0 

0*0 

0*0 

0*0 
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Gross inoculation oj Setaria italica with oospore material from S. viridis, S. 
magna and Pennisetum typhoideum.— On June 27 ; 1930. seedlings of Setaria italica 
were exposed to infection by the germinating oospores from S. viridis. By July 7, 
most of the plants showed distinct mottled areas on the first leaf, and three days 
later there was scanty spor illation noticeable in a few cases. In another three days 
there was abundant conidial fructification on the pallid areas of the leaves. It was 
also observed that infection usually started at the base of the first leaf and gradual- 
ly spread to other leaves as they developed. 

The above experiment was repeated twice with essentially similar results. In 
one case, however, the seedlings showed the first signs of the disease five days after 
they were exposed to infection. In all cases control plants which were not inocu- 
lated remained healthy. 

In another series of experiments (July 10) seedlings of Setaria italica were 
exposed to infection by oospores from 8. magna. The symptoms developed within 
six days, and the leaves were soon covered with the conidial spoiTiIation. These 
experiments were repeated in August 1930. and the results obtained were the same. 
The controls remained healthy. 

Negative results were obtained when oospore material from Pennisetum tyjikoi - 
deum was used to inoculate the seedlings of Setaria italica. The control seedlings, 
however, gave abundant infection when oospores from S. italica were used as inc 
culum. 

Cross inoculation of Setaria magna with oospore material from S. viridis, S. 
italica and Pennisetum typhoideum. — On July 12, 1930, experiments similar to 
those described above were made with Setaria magna. The seed germinated poorly, 
and the seedlings were slow and stunted in growth. Nine days after exposure to in- 
fection by the oospore material from S. midis, two seedlings showed pale yellow 
blotching on the first leaf, Pour days later another two seedlings developed similar 
symptoms. The percentage of infection, however, was low. The experiments were 
repeated with essentially similar results. 

When oospore material from 8. italica was used to inoculate seedlings of 
S. magna (July 29), infection was noticeable 13 days after exposure. About 10 per 
cent, of seedlings supported conidial fructification on their leaves. The experiments 
were repeated with similar results. 

Experiments in which oospore material from Pennisetum was used gave nega- 
tive results. 

Cross inoculation o/Euchlaena mexieana with oospore material from Setaria viridis, 
S. magna. S. italica and Pennisetum typhoideum.— -In all cases when teosinte seed- 
lings were inoculated with the oospore material from Setaria, infection was readily 
obtained and the symptoms developed within 8-10 days. In a majority of seed- 
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lings pallid areas were seen on the first leaf. In no case, however, did teosinte 
seedlings become diseased when oospores from Pennisetum were used to inoculate. . 

Cross inoculation of Pennisetum typhoidenm with oospore material from Setaria 
viridis, r S. magna and S. it alica.— Consistently negative results were obtained when 
Pennisetum seedlings were inoculated with the oospore material from Setaria. In 
one test oospore inoculum from Setaria was placed in. the soil 24 hours before 
Pennisetum seed was sown ; but this also gave negative results, although control 
seedlings inoculated with oospores from Pennisetum showed 60 per cent, infection. 

In another experiment seedlings were inoculated by the method described by 
Melhus et ah [1928]. The seed of Pennisetum typhoidenm was covered with oospores 
and placed on cotton kept moist by leading the wicks into distilled water below 
through holes made in the bottom of the test tubes. The seedlings were exposed to 
infection for 6-11 days, and at the end of this period were transplanted in large pots. 
The plants were kept under close observation throughout the period of growth ; but 
in no case did any symptoms of the disease develop. 

Cross inoculation of Setaria glauca and Panicum miliaceum with oospore material 
from Setaria viridis, S. magna, S. italics and Pennisetum typhoidenm,— In all cases 
when Setaria glauca (L.) Beauv. and Panicum miliaceum L. were exposed to infec- 
tion under artificial conditions, the symptoms of the disease did not develop. 


Discussion and conclusions. 

The experimental evidence summarised in this paper shows clearly that there 
are at least two physiologic forms of Sclerospora graminicola s which are differentiated 
by their pathogenic capabilities on their hosts. One form attacks Pennisetum 
typhoidenm only, while the other form can infect Setaria viridis. S. itahca , S. magna 
and Euchalaena mexicana . The two forms also differ somewhat in the symptoms 
which they produce on their respective hosts under field conditions. The conidial 
stage is very well developed in the form on Pennisetum in Bombay, a characteristic 
which makes it resemble tbe conidial Sclerosporas of the Orient. The form on 
Setaria, however, has an evanescent conidial phase, so that luxuriant sporulation is 
not generally obtained under field conditions. In both the forms the oogonial 
phase is predominant ; but it differs greatly in the effect which it produces on the 
respective hosts. In Setaria the oospores in the leal tissue cause extensive destruc- 
tion of the tissue between the bundles with the consequent shredding ol leaves into 
tangled fibres. This effect, however, is never produced in Pennisetum, in which 
case only the leaves enclosing the ears split into shreds. The shredding of the 
leaves is, indeed, such a distinctive feature of the downy mildews of Setaria and 
Sorghum that its absence in Pennisetum is one of the chief distinguishing features oi 
the bajri mildew in the Bombay Presidency. 
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In 1918 it was first observed by Butler [1928] that in Pusa the Sclerospora on 
Setaria ilalica did not attach Pennisetum typhoideum grown in the vicinity. Later, 
Weston and Weber [1928] reported that the downy mildew on Setaria nutgna did not 
pass to Pennisetim typhoideum under field conditions in Florida. In their extensive 
inoculation studies Melhus et al, [1928] have shown that the oospores from Setaria 
mridis did not infect Pennisetum typhoideum . These observations therefore sub- 
stantiate the experimental data recorded in this paper and suggest that the physio- 
logic form on the species of Setaria cannot affect Pennisetum typhoideum grown 
under varying geographical conditions. 

The present studies have also shown that in all cases when Setaria glaum and 
Panioum miliaceum were exposed to infection by the oospores from Set aria mridis , 
S. italica, S. magna and Penmsetum typhoideum, no symptoms oi: the disease 
developed. The failure of the two forms on Pennisetum and Setaria to transfer to 
Panicum miliaceum and Setaria glaum strongly suggests the presence of one or two 
more physiologic forms, which attack these two hosts. It was, indeed, surprising 
that the form on Setaria failed to pass to Setaria glauca when exposed under arti- 
ficial conditions. 

Summary. 

1. Selerospora graminicola is a group species consisting of at least two physio- 
logic forms, which resemble each other very closely in the morphological characters 
of the conidial as well as oosporic phase. 

2. Experimental evidence shows that one physiologic form attacks Pennisetum 
typhoideum only, while the other form can infect Setaria mridis, S . magna , S. italica 
and Euchlaena mexicana. These forms can be differentiated by their parasitic 
behaviour, and also by the symptoms which they produce on their hosts. The form 
on Pennisetum has only been recorded in India, while the form on Setaria is wide- 
spread in occurrence. 

3. The form on Setaria causes extensive shredding of the leaves of its hosts ; 
but this symptom is lacking in Pennisetum, in which case only the leaves below the 
ear split into shreds. Both the forms exhibit teratologieal malformations of the 
floral organs ; but only the form on Setaria can cause shredding of these parts. 

L The experimental data indicate strongly the presence of one or two more 
physiologic forms, which may attack Panicum miliaceum and Setaria glauca. 
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Explanation to Plate LXXI. 

A 1. A eonidiophore with the completed "branch system.sh owing sterigmata on which conidia will 
bud out. Note the continuation of the main axis, x 258. 

A 2. A well-developed eonidiophore with mature conidia showing several branches coining off 
almost at the same point as the main axis. The continuation of the main axis is easily discernible. 
This type of branching is occasionally met with, x 258. 

A 3. A type of branch system in which the side branches come off at more or less regular inter- 
vals and the continuation of the main axis is very prominent. This type of branching is characteris- 
tic of Sclerospora graminicola . X 258. 

A 4. Portion of a eonidiophore cymosely branched. This type of branching is rarely encountered. 
X 258. 

A 5. Large conidia occasionally encountered. X 258. 

A 6. Conidia showing the range of shapes and sizes normally encountered, a 258. 

A 7. Base of eonidiophore with a basal cell rarely encountered in Sclerospora graminieola . 
X 258. 

B 1. A very dry specimen of Pennist turn typhoid earn infected with Sclerospora graminieola. 
Note that the leaves are not shredded, although they are full of oospores. 

B 2 Infected earhead of bajri showing teratology of floral parts. 

B 3. Specimen of Setaria italic a infected with Sclerospora gr i minicola showing the shredding 
of the leaves into masses of tangled fibres containing oospores- 

B 4. Infected earhead of Setaria ita/ica showing shredding of leafy growth in the place of the 
normal parts of flowers. 
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STATISTICAL NOTES FOR AGRICULTURAL WORKERS* 

No. 3f.— AUXILIARY TABLES FOR FISHER’S Z-TEST IN ANALYSIS 

OF VARIANCE. 


P. C. MAHALANOBIS. J 

(Received for publication on the 18th August 1032.) || 

The interpretation of results of field experiments designed on the model of 
Fisher's “ Latin Square " or “Randomized Block'' depends ultimately on his 
3-test for the significance of the difference of two variances. Let v^Sj 2 , and 

v 2 =s% 2 be two variances based on n x and n 2 degrees of freedom (u x > v 2 ). Then fl 

u z” is defined by the equation if 

i v 

* = 1 lo ge (U) (1) | 

The 5 per cent, and one per cent, points for the distribution of “ z " are given r 

in Fisher's Table VI (Statistical Methods for Research Workers. 1930, pp. 212 — jj| 

215). | 

B 

It is, of course, absolutely necessary to use natural logarithms (i.e., to the base ft 

“ e ”) in connexion with Fisher's Table VI. With suitable tables of natural loga- f| 

rithms the procedure would be quite simple and straightforward. But such tables 
are not always available, and usually the common logarithms (to the base “ 10 ”) 
have to be converted into natural logarithms. This is apt to cause trouble to field 

: / : If! 

— . — 

* We are receding a large number of enquiries of a statistical natuie from agricultural H 

workers in different paits of India. Many of these enquiries are of considerable general interest, and || 

it is proposed to publish noies on selected topics from time to time. These notes will deal mainly ■ 

with statistical methods and procedure, and it is not intended that they should always contain new B 

matter — Ed, I 

t Nos. 1 and 2 of this series appeared in this Journal, Vol. II, Parts I and II respectively. B 
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workers not familiar with the use of natural logarithms. In fact, I have often been 
asked whether something could not be done to eliminate the necessity of using 
natural logarithms. 

For ordinary routine analysis of field trial data, it is possible to construct auxi- 
liary tables with the help of which the z-test can be applied without recourse to 
natural logarithms. I am giving here six such tables, two for working with ordi- 
nary logarithms (to the base 10), two for working directly with the ratio of stan- 
dard deviations and two for the ratio of variances, one table in each set correspond- 
ing to the 5 per cent, and the other to the 1 per cent, points in Fisher's z-table. 

Table I (5 per cent, probability) and Table II (1 per cent, probability) are for 
working with common logarithms (to the base MO”), and have been obtained 
directly from Fisher's Table VI (pp. 224—226) by multiplying z 99 by 2 !og i0 e = 
0*86858896*. 

Illustration I . — In Fisher's Example 41 (Analysis of Variation in Experi- 
mental Field Trials. (1) pp. 205 — 209), the two observed variances (mean squares) are 
*0\ = 3*967 and v 2 = 0*727 based on n x = 11 and n 2 = 24 degrees of freedom. 
The common logarithms to the base 10 are 

log 10 3*967 = 0*59846 
log 10 0*727 = 1*86153 

Difference = 0*73693 =2 7J 

Looking up Table I, we notice that for n t = 8 and n 2 = 24, the 5 per cent, 
value of 2 Z' is 0*3720. Further from Table II, for = 8 and n 2 = 24, the one per 
cent, point is 0*5267. The observed value of ‘ 2 Z' 9 is 0*7369 for n t = 11 and n 2 = 
24. The difference between the two observed variances is therefore definitely signifi- 
cant. 

Illustration IT.— In Fisher's Example 38 (Homogeneity of Small Samples, 
[1932] % = 60*25 (n x = 24), = 31*62 (w 2 = 3). We find 

Iog 10 60*25 = 1*77996 
log 10 31.65 = 1.50037 


Difference = 0*27959 = 2 Z' 

In Table I, we find that for n t = 24 and n 2 = 3, 2 Z' = 0*9364. The observed 
difference is, therefore, quite insignificant. 

* The tabled values therefore give 2 Z' = Iog I0 (s^/s,/) 
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The use of even common logarithm tables may be dispensed with if we use 
Table III (5 per cent, probability) and Table IV (I per cent, probability) which give 
directly the value of the ratio of the variances, x = (vjv 2 ) = (s x 2 k 2 2 ) 

Illustration III . — In illustration I, we have i\ = 3*967 {n } = 11), and v 2 = 
0*727 (n 2 = 24). By direct division we find that the observed value of v h fp 2 = 
5*457. In Table III (5 per cent, probability) we notice that for n x = 8. and ro 2 = 
24. expected (l\ i /vj 2 ) = 2*355. Also in Table IV (I per cent, probability) for n x = 
8, n 2 = 24. t ^/^2 = 3*363. The observed difference is, therefore, definitely signifi- 
cant. 


Illustration IV . — In the second illustration we had — 60*25 (n 2 = 24), r 2 


=31*65 (n 2 = 3). The observed ratio of v t /r 2 is 1*904. In Table III (5 per cent, 
probability) the expected value of vjv 2 for n x = 24 and n 2 = 3 is 8*638. The 
observed difference is quite insignificant. 

It will be noticed that in using Tables III and IV, it will usually be unnecessary 
to find vjv 2 with any great accuracy. For example in illustration III. we can see 
by mere inspection that the observed ratio of / o 1 [v 2 is greater than 5, and hence 
must be significant. So also in illustration IV, it is easy to see that vjv 2 is less 
than 2, and hence insignificant. 

Finally, Table V and Table VI give the values of y = SJS 2 [i.e. 9 the ratio of the 
two standard deviations) at 5 per cent, and one per cent, levels of significance re- 
spectively. 

Illustration V . — It is found [Mahalanobis, 1931] that the standard deviation for 
head-length for the Rabai tribe of East Africa is given by S x = 7*25 cm. (% = 
12), and for the Nandi tribe is S 2 = 4*06 cm. (n 2 = 13). The observed ratio of 
(SJS*) = 1*786. 

In Table V (5 per cent, probability) for n t *= 12 and n 2 = 13 the expected 
value of (8 x I8 2 ) is 1*614. But in Table VI (one per cent, probability) the expected 
value of (Sjs 2 ) is 1*9901. We conclude that th .probability of the difference being 
real lies between 0*05 and 0*01. and may be considered significant. 

I need scarcely add that, just as in using Fisher's Tables, % must refer to the 
larger of the two variances. 

The Tables were computed by Babu Sudhir Kumar Banerjee and Babu Jitendra 
Mohan Sen Gupta in the Statistical Laboratory of the Presidency College with the 
aid of a grant from the Imperial Council of Agricultural Research. 
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Table I. 

Five per cent, points of the distribution of 2 z' — log 1Q {sf/sf). 



Values of n t 


1 

2 

3 

4 

5 

1 

2*2080 

2-2999 

2-3339 

2*3514 

2-3620 

2 

1-2674 

1-2787 

1*2825 

1*2844 

1-2855 

3 

1-0056 

•9801 

*9673 

*9599 

*9549 

4 

•8870 

*8417 

•8190 

*8054 

*7963 

5 

•8200 

*7624 

•7332 

*7154 

•7033 

(5 

•7772 

*7112 

*6773 

*6565 

•6422 

7 

•7475 

•6755 

*6382 

*6150 

*5990 

8 

•7257 

*6493 

*6092 

•5841 

*5068 

9 

•7090 

*6290 

*5869 

*5602 

•5418 

10 

*6959 

•6130 

*5692 

•5413 

•5219 

XI 

*6852 

‘6001 

*5548 

•5259 

*5057 

12 

•6765 

•5894 

*5429 

•5131 

•4921 

13 

‘ *6691 

•5804 

•5328 

*5023 

*4808 

14 

•6627 

•5727 

•5243 

*4931 

•4710 

15 

*6573 

'5661 

•5168 

! *4851 

! *4626 

16 

•6527 

*5603 

•5104 

•4782 

*4552 

17 

•6485 

*5553 

*5047 

*4720 

*4487 

18 

•6448 

*5508 

*4997 

*4665 

*4429 

19 

*6415 

•5468 

*4952 

•4617 

•4378 

20 

•6386 

*5432 

•4911 

■4573 

*4331 

21 

•6360 

*5399 

•4875 

*4533 

*4289 

22 

•6335 

*5370 

*4842 

*4498 

*4251 

23 

*6314 

*5343 

*4812 

*4465 

*4216 

24 

*6294 

*5318 

*4784 

*4435 

*4184 

25 

•6276 

*5296 

*4758 

*4407 

*4154 

*3 1 

•6258 

*5275 

*4735 

*4382 

•4128 

27 

•6243 

•5256 

*4714 

*4358 

*4102 

28 

*6229 

*5238 

*4693 

•4336 

*4079 

29 

*6215 

•5221 

*4675 

‘4316 

*4057, 

30 

*6203 

*5206 

*4657 

*4297 

*4037 

60 

*6022 

•4984 

*4406 

*4023 

*3744 

CO 

*5845 

*4765 

■■ " ■ : 

*4158 

*3751 

‘3452 J 


Values of 
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Fwe per cent, points of the distribution of 2z l — locj 10 (s- 


Values of n. 
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Table XI — contd. 
per cent, points of distribution of 2 z 1 


Values of r 


1-4392 


12 

24 

3*7857 

3-7948 

1*9975 

1*9977 

1*4322 

1*4248 

1*1576 

1*1439 ■ 

*9951 

*9762 

• 8S75 

*8641 

*8108 

*7835 

*7533 

*7226 

*7085 

*6748 

*6726 

*6362 

*6432 

*6044 

*6186 

*5775 

*5978 

5*547 

*5798 

*5350 

*5642 

*5178 

*5506 

*5026 

*5384 

*4890 

•5277 

*4791 

*5180 

‘4661 

*5093 

*4563 

*5034 

*4473 

*4943 

•4392 

*4877 

*4316 

*4816 

•4247 

*4761 

‘4383 

*4709 

*4124 

*4662 

*4069 

•4617 

•4018 

•4577 

•3969 

*4538 

•3925 

.2973 

*3254 

* 3394 ' 

*2530 
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Five per cent, points of the distribution of the ratio of variance, x = (s^jsff), 


Values of n 


Values of n. 
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Table III — contd. 

Five per cent, points of the distribution of the ratio of variance , x 



g 


■1 


■ 





1 

■l 




SSill3^^^ll 

1 

■ 

1 



II 

1 




1 

II 



gmg 

"fe-, '< 


| •t^'j.yyFT^-T/j' zjjSf'fb. 

■ 


II 1 


■ 


gg 


i 


II i 


■ 


■I 

il 


1 

ii 


■ 

■KtaT^kI 


' i0§l 

i 

1 1 


1 

i 

1 

II 

1 







Values of n 
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Table IY —could. 

One per cent points of the distribution of the ratio of mrmnoe, x 

I Values of n t 


5859*4 

99-325 

27*910 

15*208 

10-072 

8-465 

7*191 

6*371 

5-802 

5*386 

5-069 

4-820 

4-620 


4-318 

4-201 


99-501 

26*122 

13*271 

9*019 

6-880 

5*650 

4-859 

4-311 

3*909 

3*520 

3*301 

3*165 

3*005 

2 * S69 

2-753 


Values of 



Values o£ % 


1*4879 
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Table Y—contd. 

distribution of the ratio of standard deviations , y~ 

Values of % 
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Table VI. 

One per cent, points of the distribution of the ratio of standard deviations, y — {sfsfj. 





Values of n. 







Auxiliary tables for fisher's s- test 
Table VI —conid. 

points of the distribution of the ratio of standard deviations 


Values of n. 


1-85S2 1-7667 1-5183 

[■84.54 1-7533 1-6436 1-5020 

1-8338 1-741! 1-6307 1-4869 

1-8232 1-7300 1-6187 1-4729 

1-8134 1-7198 1-6077 1-4599 

1-8043 1-7104 1-5976 1-4479 

1-7961 1-7017 1-5882 1-4368 

1-7884 1-6937 15793 1-4262 

1-7812 1-6861 1-6713 1-4164 

1-6802 1-5800 1-4544 1-2652 

1-5847 1-4782 1-3382 1-1000 

" REFERENCES. 

Statistical Methods for Research Workers, 4th edition, p. 208. 

51). Bee. Ind. Mus. 23, 145. 


STATISTICAL NOTES FOR AGRICULTURAL WORKERS. 

NO 4 ETON AND POTATO EXPERIMENTS AT SRINIKETAN (AGRICULTURAL 

DEPARTMENT OP THE VISVABHARATI), 1931. 



P. 0. MAHALANOBIS. 

(Received for publication on the 18th August 1932) 

Introduction. 

The Sriniketan Farm is situated in tlxe Birbhum district of Bengal, at a 
distance of about 1 J mile from Bolpur station of tlie E. I. Railway. Paddy and 
potato form two of the staple crops of this locality. On account of their economic 
importance these two crops were selected by the authorities of the Department of 
Rural Reconstruction of the Visvabhaxati for a preliminary experiment in 1931. 
Owing to limited financial resources it was decided to restrict the size of the fields to 
two bighas and one bigha (f and | acre) for paddy and potato respectively. 

The experimental fields were laid out on virgin soil and the experiments were 
conducted by Messrs. Haskim Ali, Santosh Rehari Bose, and Visvanath Chatter jee 
under the general direction of Mr. Gour Gopal Ghosh. 

Fisher s method of Randomized Blocks was used in designing the lay-out 
which was prepared in the Statistical Laboratory of the Presidency College. The 
statistical analyis was carried out by Mr. Subhendu Sekhar Bose and other 
workers of the same laboratory. 


Paddy. 

The Sriniketan Farm lies in a raised undulating country with a sandy soil and 
a sub-soil of jed laterite. The soil is very poor in organic matter, and has little 
retentive power. Climatic conditions are comparatively dry for Bengal, the 
normal rainfall in this region being about 50 in. per year of which 39 in. 
fall during the monsoon months of June, July, August, and September. The 
monthly distribution is given below in Table R. The soil is of the kind usually 
called “ high poor ” land for paddy. 
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Table R. 


Nomud rainfall - 

in Bolpur in inches. 



in. 


' in. 

January . . • 

0*41 

•Mr 

11*14 

February . 

0*72 

August .... 

10*74 

March ..... 

0*98 

September .... 

8*00 

April . . ... 

1*06 

October 

3*32 

May 

3*84 

November .... 

0*55 

June 

9*43 

■ ; ■ ■ . 1 

December .... 

0*05 


Varieties .— Much of the land in the Birbhum district belongs to this “high 
poor ” type. But large tracts of “ medium ” and “ low ” lands also occur in the 
same district. In fact, such lands exist in the immediate neighbourhood of the 
Sriniketan Farm. For the preliminary experiment it was, therefore, decided to 
try 3 varieties specially suited for these three types of land. 

Red Aus is an early variety mostly grown on “ high poor ” land. On account 
of its early character it is largely used for actual consumption in the villages when 
the supply of paddy runs low. It also leaves sufficient time (and moisture in the 
soil) to enable a rabi crop being grown on the same field. 

Kashiphul is grown on “ medium ” land, and is a comparatively late variety. 
The yield is high er, and the quality of the grain much better than Red Aue. It is 
usually grown on much better land, and a second crop of potato or onion is 
usually taken from the same field. 

Dudkalma is a late, high-yielding variety grown on “ low ” land. The grains 
are fine and fetch higher prices than either Red Aus or Kashiphul, and are usually 
exported from the villages for outside sale. 

Manures . — Owing to the virgin character of the soil cow-dung was applied 
heavily to all the plots at the rate of 10 baskets (1 basket =20 seers) per plot of 
39 ft. X 12 ft. or 15'5 mds. per bigha or 46'4 mds. (166'6 tons) per acre. 

Two fertilizers were tried. Ammophos was applied at the rate of 4 ch. per plot 
or 6 seers and 12 chittaeks per bigha or 40-5 lbs. per acre at the time of pudding 
on the 25th and 26th July, 1931. 

Sulphate of ammonia was given as a top dressing at the rate of 3 ch. per plot, 
i.e. 5 seers 1 ch. per bigha or 15 seers 3 oh. per acre at the time of hoeing on the 1st 
and 2nd September. 

The size of the field for the paddy experiment was about 2 bigha, s or § acre. 
It was divided into 6 blocks each consisting of 9 plots of size 39 ft. X 12 ft. ( 
UgJm or acre each approximately). The 3 varieties with 3 manures (including 1 
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control) were distributed at random within each block, so that each treatment with 
each variety was replicated 6 times. Details are sho wn in Table I. 

Table I; 


Paddy experiment in Bolpur 7931-32. Yield of grain in chattaks per plot of bigha 


Treatment 

I 

II 

III 

' IV 

V 

VI 

Total 

f Ammophos. 

112 

128 

US 

128 

92 

152 

730 

Red Ans -{ Anion, sulph. 
f 

168 

116 

144 

100 

100 

SO 

708 

^Control 

106 

84 

68 

150 

156 

328 

698 

f Ammophos. 

312 

81 

108 

96 

53 

48 

49S 

Kashiphui d Amon. sulph. 

61 

98 

58 

S6 

65 

98 

466 

b Control 

97 

86 

92 

SO 

99 

66 

520 

f Ammophos. 

134 

112 

116 

114 

101 

128 

705 

Dudkahna ^ Amon. sulph. 

125 

106 

110 

102 

50 

110 

609 

(_ Control 

62 

60 

99 

90 

58 

87 

456 

Total 

977 

871 

913 

952 

780 

897 

5,390 


Progress of the experiment . — The field was prepared and laid out in June just 
before the break of the monsoon. As no experiment with fertilizers had been 
carried out in this field so far, there was no question of any residual effects from 
previous season. 

The dates of various operations are given below. 

Table II. 

Dates of operations. 

Operation Red Aus Kashiphui Dudlcalina 

1. Sowing .... 1 5th June 15th June 20th June 

2. Transplanting . . 25th July and 26th July (all varieties) 

3. Ammophos . . . „ „ 5> „ 

4. Araon. sulphate . . 1st September „ 2nd September 

5. Weeding and hoeing . 1st, 2nd and 3rd September „ 

6. Flowering .... 26th September 24th September 3rd November 

7. Harvesting . . . 31st October 16th November 7th and 8th Decem- 

ber 
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The yield of grain in each plot is shown in figures in Table I. 
The analysis of variance is given in Table III. 


Table III. 


Analysis of variance. 


Degrees 

of 

freedom 


i -a/r ^ Standard J Log* (me* 

of xut-an square deviation square) 

squares 


Varieties 

Manures 

Differential response of 
varieties to manures 

Treatment 

Blocks .... 


We find that the mean variance for fluctuations between “ blocks ” is 531-00 
against a residual variance of 564‘35. It is clear, therefore, that the division into 
“ blocks ” has not helped in any way in eliminating the effect of soil hetero- 
geneity. It is possible that the variations in fertility in different portions of the 
field are not systematic. 

We may now proceed with Fisher’s 3-test of significance for comparison of the 
different variances. 

Let S r and S 2 be the two variances under comparison. Then “ Z ” is defined 
to be | (log. Sj 2 — loge Sf) where the logarithms are natural, calculated to 
the base “ e ”. These values are given in the last column ot Table III. 

For example for “ varietal ” differences we have log B 5933-5=8-6884 and for 
residual errors log, 564-35=6-3356 ; so that the difference of the natural logarithms 
is 2-3528 and Z’ is given by half the difference or 1*1764. It will be noticed 
that the two variances are based on 2 and 40 degress of freedom respectively 
In the same way we obtain the value of ‘ Z * (and the corresponding degrees of 
freedom) for “ manurial ” differences, as well as for the “ differential action of 

manures,” 
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Table IV. 
Values of ‘ Z\ 



% 

^*2 

Observed 

Expected 5 per 
cent. 

Variety * 

» • 

. 

• 

2 

40 

1*1764 

0*5866 

Manure . 

. 


. . 

2 

40 

0*2549 

0-5866 

Differential response 

• 

V 

4 

' 40 

0*2612 

0-4789 


The observed values of ‘ z ’ are shown in Table IV. We can easily find the 
corresponding critical values from Fisher’s Table VI (Statistical Methods for 
Research Workers, 1932, p. 224-27). For example, for k 1 = 2 and « 2 =40, we notice 
that the other critical values of 1 z ’ are obtained in the same way, and shown in 
column 5 of Table IV. 

For varietal trials the 5 per cent, value of ‘ z '=-5866. This implies, that, in 
case the varietal differences are really nil, the observed value of £ z ’ will exceed *5866 
only once in twenty trials. But the observed value is 1*1764. That is, the odds 
are more than 20 to 1 in favour of the varietal differences being real. 

It will be noticed, however, that the t: manurial ” or “ differential ” effects 
cannot be considered significant. Full details of the different effects are given in 
Tables V-VI1. 

Table V. 


Mean yield of different varieties of faddy. 



GhattaJcs per plot 

Maunds per higha 

lbs. per acre. 

Per cent. 

Ked Aus 


. 


118*7 

5*75 

1379*89 

118*8 

Kashiphul 

. 

. 

1 

82*4 

3*99 

957*90 

83*5 

Dudkalma 

: . - 



98*3 

4*76 

1142*74 

98*4 

Mean 

. 

* 

* 

99*8 

4*83 

1160*18 

100*0 

S. E. . 

* 

• 

• 

5*6 

0*27 

35*10 

6*0 


It is clear from Table V that in the “ high poor 35 land of Sriniketan Farm 
the yield of Red Aus comes out best, while Kashiphul is distinctly the worst. 
The difference between Red Aus and Kashiphul is 35*3 per cent., between 
Red Aus and Dudkalma 20*4 per cent., and between Dudkalma and Kashiphul 
15*9 per cent., while the effective precision of the experiment is given by a 
standard error of 6*0 per cent, for a single mean based on 18 replications. 
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Table VI. 


Mean yield of faddy for different mammal treatments , 



Chattak 
per -gy bigha 

Yield in mds. 
per bigha 

Lbs. per acre 

Pet cent,. 

Ammophos . 

107*4 

5-20 

1248-5 

108*0 

Ammonium sulphate 

99*1 

4-80 

1152*0 

OO'O 

Control (No manure) 

93*0 

4-50 

108X-1 ' 

93-0 

Mean ..... 

99-8 

4-83 

1160-2 

100-0 

S. E 

5*6 

0‘27 

65-1 

6*0 


The effect of manures is not generally significant. Table VI shows, however, 
that the difference between axnmophos and the control (no fertilizer) is quite large 
being 14*4 per cent, with a standard error of 6*0 per cent. This difference is sug- 
gestive, but the effect of sulphate of ammonia is inappreciable. 


Table VII. 


Mean yield in cJiattaJcs per plot of fj bigha. 



Ammophos 

Ammonium 
sulphate j 

Control 

■Mean . 

Red aus .... 

121*6 

118*0 

116-3 

118*7 

KasJiiphul 

83-0 

77-8 

86*7 

82*4 

Budhalma > 

117*5 

101*5 

76*0 

98*3 

Mean • * * 

107*4 

99*1 

93-0 

99*8 


Standard error of mean of 6 plots = 9*7. 


Finally Table VII shows the full analysis for each variety and each manure. 
The effect of fertilizers is entirely negligible in the case of both red aits and kashipkuL 
Budhalma , however, appears to show a definite response to sulphate of ammonia, 
and an increased response to ammophos. This result is interesting ; dudhalma 
which requires a richer soil, appears to be able to derive a certain amount of addi- 
tional nourishment from the chemical fertilizers. This point deserves furthei 
attention. 

The results of the experiment may now be summarized. In the <c high poor 5 " 
land of the Srinikefcan Farm, Eecl Aus appears to do best and KasMjlral worst, 
Dudkalma coming between the two. The effect of chemical fertilizers is not quite 
clear, being generally inappreciable. Dudkalma, however, appears to show lei let 
results with sulphate of ammonia, and still more so with ammophos. 

M 




AO 

3—13 


BO 
6— S 


AY OX 

4 — 4 6 — 6 


BO 

5—2 


BX CO 

4—12 3—14 


CY 

6—8 


A — Darjeelm 
B — Patna 
G — Deshi 


0— No fertilizer 
Y— Potassium nitrate 
X= Ammonium phosphate 
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On the technical side the division into “ blocks ” did not lead to added preci- 
sion owing probably to the variation in soil fertility being unsystematic. The 
residual standard deviation is 23'76 chattaks per plot for a mean yield of 99'81 
chattaks per plot or a standard deviation of about 23'8 per cent. This is very 
high and may be compared with a residual standard deviation only 6*7 per cent, 
in the Mandalay Paddy Experiments [1932]. Evidently the fertility of the Sri- 
niketan field varies very considerably from plot to plot. 

The effective precision of comparision is given by a standard error of 5 -6 per 
eent. for a single mean based on 18 replications wbicb does not compare very 
unfavourably with a standard error of mean of 3'1 per cent, in the 0. P. Rice 
Experiments [1931] and 2-72 per cent, in the Mandalay Rice Experiments. 


Potato. 

Like the rice experiment 3 varieties were chosen for the potato experiment. 
“ Deshi ” is an early variety largely grown in the locality and has good keeping 
qualities. “Patna” is a heavy yielding type with a bigger size of potatoes. 
“ Darjeeling ” is a special variety much favoured for both yield and quality. 

The size of the field for the potato experiment was about 1 bigha acre). It 
was divided into three blocks with 9 plots each of size 39 ft. X 12 ft. (- 3 - T bigha or 
acre). The lay-out is shown in Table VIII. This field also like the rice field was 
virgin soil. 


AY 

2—4 


Table VIII. 


Lay-out and yield of potato experiment. Area of plot =39 ft. X 12 ft.— of a bigha 
or Jg- of an acre ( Yield in seers and chattaks). 


1 


AO 

3—4 


CY 

4—2 


AX 

2—10 








per plot or 15*o mds. per bigka , %*c. } 16*6 tons per acre. The artificial fertilizers 
used were ammophos at the rate of 1 seer 9 chattaks per plot, i.e, f 42 seers 3 
chattaks per bigha or 3 mds. 6 seers and 9 chattaks per acre and potassium nitrate 
at the rate of 1 seer 14 chattaks per plot or 1 md. 10 seers and 10 chattaks per 
bigha , or 3 mds, 31 seers and 14 chattaks per acre. 

■ The seeds were sown on the 14th and 15th November, 1931, at a distance of 
9 in. in rows placed 1 ft, 9 in. from one another. The chemical fertilizers were 
applied' and earthed on the 25th and 26th December. “ Deshi ” and Patna 
varieties were harvested from the 3rd to the 5th February 1932, and the 
“ Darjeeling 55 variety as late as the 23rd March owing to the late development of the 
tubers. The actual yield in seers and chattaks are given for each plot in Table VIII. 

One most important to be noted in this experiment was the complete absence 
of artificial irrigation. Rainfall was also scanty, the actual amount being nil in 
December and January. 

The analysis of variance is given in Table IX. 

Table IX. 

Analysis of variance {Potato), 


values are given in Table X. 

Table X, 
Values of ({ Z : 


Expected 
5 per cent. 


Observed 


Variety 


Manures 


Differential response 



Degrees of 
freedom 

! 

Sum of squares 

Mean square 

S. D. 

loge (mean 
square) 

Varieties .... 

2 

10095 

5047*50 

71*04 

8*5265 

Manures .... 

2 

614 

307*00 

17*52 

5*7266 

Differential response of varie- 
ties to manure 

4 

‘ 3443 

860*75 

29*34- 

6-7581 

Blocks . . ■’ • 

2 

1874 

687*00 

26*21 

... , 

Errors .... 

16 

9123 

570*20 

23*88 

6*3460 

Total 

26 

24649 

948*04 

30*79 

•* 
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The varietal differences may, therefore, be considered definitely significant, 
while the effect of manures is negligible. 

The mean yield for each variety is shown in Table XI. 

Table XI. 

Mean yield of different varieties of ‘potato. 


Table XII. 


Mean yield of potato under different manorial treatments. 


No manure 
.Potassium nitrate 
Ammonium phosphate . 


70*0 


73*8 




— 

In chattaks 
per plot 

In mds. per 
bigha 

In lbs. per 
acre 

Per cent. 

Darjeeling . 

■ ■ . ■ 

48*2 

2*33 

560*33 

64*0 

Patna 

. 

86*4 

4*18 

1004*40 

115*0 

Deshi 

* V * 

91*5 

4*43 

1063*69 

121*0 

M ean 

.. .. . 

75*4 

3*65 

876*53 

100*0 

S. E. 

♦ 

7*90 

0*38 

92*54 

11*0 


It is clear that without irrigation, Deshi and Patna are likely to give much 
better results than Darjeeling. 

Table XII shows the failure of fertilizers in the absence of irrigation. 
Ammophos gives slightly better yield, but in view of the magnitude of tfm standard- 
error no weight can be attached to the result. 
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V | 


r 


Table XIII shows full details of the yield. 

Table XIII 

Mean yield of potatoes in chattaks per plot of acre. 


— 

No manure 

Pot, nitrate 

Ammon, phos. 

Darjeeling 

• 


• 

51*0 

46*0 

47*7 

Patna 

V . * 

• ■ 

• . • 

94*0 

84*0 

81*3 

* Deshi 



• 

66*7 

j 91*3 

116*7 


S. E.=13-78. 

The effect of fertilizers on Darjeeling ” and “ Patna ” is if anything harmful, 
while “ Deshi ” appears to have gained considerable benefit from them. 

The division into blocks in this case also does not give any advantage, showing 
the patchy or non-systematic character of the soil heterogeneity. This accounts 
for a high residual standard deviation of 23*87 chattaks per plot or expressed as a 
percentage of the mean yield of 75*41 chattaks per plot, a residual variation of 31*7 
per cent. This is considerably higher than the residual variation of 23*8 per cent, 
found in the case of the paddy experiment. 

Conclusion 

Both the paddy and potato experiments illustrate a simple method of combin- 
ing varietal and manurial trials in the same field. Fisher has emphasized the 
importance of such combined experiments. They are not only more efficient in 
the sense that they can supply replies to two sets of questions varietal and 
manurial —at the same time, but are also capable of throwing light on the 
differential response of varieties to manures which cannot be studied in any 
other way. 
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STATISTICAL NOTES FOE AGRICULTURAL WORKERS 


NO. 5.— A NOTE ON THE VARIATION OF PERCENTAGE INFECTION OF WILT 

DISEASE IN COTTON 



P. 0. MAHALANOBIS and SUBHENDU SEKHAR BOSE 

(Received for publication on the 18th August 1932) < 

Mr. G. S. Kulkarni, Special Cotton Mycologist, Dliarwar, observed that certain 
selected strains of cotton, resistant to the wilt disease under field conditions' 
succumb to the same disease under controlled conditions of the laboratory in pot- 
culture experiments. He is of opinion that resistance to wilt disease under field 
conditions is chiefly due to the want of favourable conditions for the causal organism 
of the disease to be pathogenic. To test this assumption a large number of plants 
of the selected strain “ Jayawant ” was sown in six replications in three batches 
in June, July and August, 1931, respectively. As temperature conditions in 
June and July were believed to be more favourable for wilt production, it was 
expected that the percentage infection would be greater for the plants sown in 
June than for those sown in the later months. 

The data sent by Mr. Kulkarni covered unequal periods of time for the different 
replications. Dr. B. B. Mundkar, who was associated with Mr. Kulkarni in this 
work, has, however, very kindly placed the weekly observations at our disposal. 
This makes it possible to compare the mortality figures covering 24 weeks after the 
date of sowing in each ease. The relevant data will be found in Table 1. 

Table I 


No. of 
plants sown 


Sowing 

time 

June . 

* • ■ • • ■ • 

July . 

• * • • 

August 

• » * « 

June . 

• « > » 

July . 

* 

August 

. 



^Tiie percentages were calculated in our Laboratory. 
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Table I—contd. 


Piot 

No. 

Sowing 

time 

No, of 
plants sown 

No. of wilted 
plants 

Percentage* 

infection 

3 June . 

. 

1,130 

223 

19*74 

July . 

• 

1,100 

GO 

SO 

15*27 

August 

• : * 

1,177 

109 

9*26 

4 June . 


1,117 

248 

22*22 

July . 

V . /' 

1,068 

115 

10*77 

August 

* 

1,080 

195 

18*06 

5 June . 


1,159 

316 

| 27*26 

July . 

• 

1,084 

215 

19*83 

August 

• 

1,107 

185 

16*80 

6 June . 


1,100 

253 

23*18 

•July . 

. 

. . 1,042 

202 

19*38 

August 

v ' * 

1,129 

173 

15*32 


From the statistical standpoint, on the available data, it is possible to test 
whether there are significant differences in percentage infection between plants 
sown in different months. But, on the given data, it is not possible either to con- 
firm or to reject the hypothesis that the growth of wilt disease in resistant strains 
in the laboratory is due to the presence of favourable conditions. 

The variation in percentage infection may be classified under three heads. 
Variations due to : 

(1) difference in the date of sowing. 

(2) differences in the soil-character of the six replications. 

(3) Random fluctuations. 

The analysis of variance into these three heads is shown in Table II below. 
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Variance due to 

Degrees of 
freedom 

Sum of squares 

Mean variance 

S. D. 

Date of sowing 

2 

124-1949 

62-0975 

7-88 

Soil-differences 

5 

205-4791 

41*0958 

6*41 

Residual 

10 

112-7506 

11*2751 

3*35 

Soil-differences and residual 

15 

318-2297 

21*2153 

4*61 


17 

442*4246 

26*0249 

5*10 


1 Z ”=|log 


62-0975 


: 0-8309 


11-2751 

5 per cent, point of “ Z ” (corresponding to n x —i and n 2 — 10)= 


•7058. 


Since the value of Z is above the 5 per cent, point, the association is real, %.e., 
the percentage of infection varies significantly with the month of sowing. 

The analysis may now be given in detail. 


Table III 


Date of sowing 

Mean 

percentage of 
infection 

Dili, from August 

Biff, from July 

June . 

20*10 

+6-23 

i. ; 

4-4*53 

j ;■ 

July 

15*57 

+ 1-70 


August „ . .... 

13*87 

~ 

—1*70 


Standard error on mean difference=l*94 
Critical difference for significance — 

(5 per cent. level)=4*32, (1 per cent. level) =0*1 5 


* Another salient point that comes out at once from the study of the analysis of variance given 
in Table II is the marked soil- heterogeneity of the experimental plot u?ed in tills experiment. 
Elimination, of soil heterogeneity by the above method reduced the residual variance from a value 
21-2153 to value i 1-2751. 
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We therefore conclude the difference in percentage infection between — 

(1) June and August is definitely significant. 

(2) June and July is on the verge of significance. 

(3) June and August is practically insignificant. 

The percentage of infection in the different months may also he compared 
directly in pairs. For this purpose the method originally suggested by cs Student 
in Biometrika, Volume VI, page 19, may be used with advantage* 


Table IV. 


Difference 


Percentage, J une Infection, August 


Name of replication 


Mean- 


Mean difference^ 6*23 
Standard deviation of the differences=4*35 
Mean difference 
/j Standard deviation 

1*43 approximately 

4*35 

Using Biometrika Table XXV (page 36)*, we & 
:obability that the mean difference will not exceed (in 
ore than T43 times the standard deviations of the samp e 
stability of the difference being n real one exceeds 98 £ 
av. therefore, be considered definitely signifi cant. 
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Table V. 


(2) June and July. 


Name of replication 

Percentage, June 

Infection, July 

Difference 

1 

9*16 

11*49 

—•2*33 

2 

19*02 

16*71 

2*31 

3 

19*74 

15*71 

4*47 

4 

22*22 

10*77 

11*45 

5 

27*26 

19*83 

7*43 

6 

23*18 

19*38 

3*80 

Mean= 

20*10 

15*57 

4*53 


Mean difference=4*53 
Standard deviation of the differences =4*26 


“ £ ”=~~=1*06, P=0*9617 

That is, the probability that the mean difference will not exceed zero by more 
than 1*06 times the standard deviation of the sample is “ P ”-0'96l7. Thus the 
difference is on the verge of being considered significant. 


Table VI. 


(3) July and August 


Name of replication 

Percentage, July 

Infection, August 

Difference 

1 ; 

11*49 

11-33 

0*15 

2 

16*71 

12*45 

4*26 

3 

15*27 

9*26 

6*01 

4 

10*77 

18*06 

— 7*29 

5 

19*83 

16*80 

3*03 

6 

19*38 

15*32 

4*08 

Mean= 

15*57 

13*87 

o 

t-** 

r-4 

1 


Mean difference— 3 *70 
Standard deviation of the differences =4*30 
1*70 

‘‘^=y=°-39 

f *P”=C-7879 
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That is, the probability that the mean difference will not exceed zero by more 
than -39 times the standard deviation of the sample, is “ P ”=0'7879. As the odds 
i are roughly 4 to 1, the difference cannot be considered significant. 

The direct comparison thus leads to the same results as those given by the 
analysis of variance, namely, the percentage infection of plants sown in June is 
i | significantly greater than the percentage infection of plants sown in July and August 

J respectively, while the percentage infections of plants sown in July and August do not 

J appear to be significantly different. 

f The above note was prepared with the help of a grant from the Imperial 

Lf Council of Agricultural Research. 






ABSTRACTS 


' Interaction between ammonia and soils as a new method of determining the state 
of saturation and pH values of soils*. Amar Nath Puri. (Soil Science S3, No. 5 , 
May, 1932). 

This is a, continuation of the author’s previous work in which it was shown that the interaction 
between soil and ammonia represented the neutralization of aeidoid by a base. The object of this 
investigation was to explore the possibilities of this reaction for characterising the state of saturation 
of soil. 

Since pH values of natural soils represent single points on their titration curves, it is reasonable 
to suppose that the difference between the amount of ammonia taken up by a natural soil and the 
same soil completely unsaturated, will be a measure of the state of saturation of that soil and conse- 
quently will be correlated with its pH value. The amount of ammonia that a natural soil can take 
up is determined by keeping a weighed amount over normal ammonia in a vacuum desiccator for two 
days followed by desiccation over 90 per cent. H 2 S0 4 for two days. The ammonia retained by the 
soil is then determined by distillation with lime in the usual way. The maximum saturation capacity 
is determined exactly as above after treating the soil exhaustively with 0*2iY HCL 

The state of saturation of the soil (Y) is calculated from the formula : — 


Where S and T are the amounts of ammonia taken up by the natural and acid-treated soil 
respectively, all quantities being expressed in equivalents. 

pH value measurements* 

Fifty-seven soils from various parts of India were examined for their reaction by the following 
methods : — 

L Hydrogen electrode — 1 : 5 soil-water ratio, 2 hours’ shaking (H), 

2. Q.uinhy drone —1 : 5 soil-water ratio, 2 hours’ shaking (Q). 

3. Quinhydrone— 1 : 1 soil- water ratio, 2 hours’ shaking (Q9. 

4. Quinhydrone— 1 : 1 soil-water ratio, 2 hours’ shaking and leaving overnight (Q") 

5. Antimony electrode — 1 : I soil-water ratio, 2 hours’ shaking and leaving overnight (Bio) . 

6. Colorimetric method — 1 5 soil-water ratio, occasional stirring, and leaving overnight 

(C). Clear solution obtained by filtering through a Puri percolating cylinder. 

The relation between (Y) and various sets of pH values is brought out best by working the 
correlation coefficients between them. These are given below : — 

(Y) and (H) = 0*897 

(Y) and (Sb) = 0*891 

(Y) and (Q y ) = 0*889 

(Y) and (C) = 0*938 


k was carried to com 



abstracts 


“ Wil ° e seeu taat the correlations are highly significant T 
be used for calculating pH values from (V) Values •— 

I. pH = 00274 (V) + 5-4 for (V) values below 45 

‘4 pH = 0-0319 (V) + B-S9 for (Y) values between * 

3. pH = 0-0319 (V) + 7-11 for (V) values above SI 

Some vt^r interesting facts emerge from a closer study of the (A 

id that all soils having (V) values less than 33*3 per cent, respom 
pinch is about 7. The neutral point or pH 7, therefore, has a m< 
been hitherto supposed. Most of the good agricultural soils 1 


A new type of hydrometer for the mechanical analysis of soils.* Amar Nath 
Puri. (Soil Science 33, pp. 241-248). 

The successful working of the hydrometer method for the mechanical analysis of soils rests on 
the principle that direct determinations of the variations with time of the density of suspension at a 

efimte distance from the surface m a sedimenting column, would provide data similar in typo to 

tliose obtained in the pipette method of mechanical analysis. *" 1 

The new hydrometer consists of a wide, hut short bulb (8-10 cm. long) and a thin Ion- stem 
(about 0-4 cm. m diameter, and 60-70 cm. long). It therefore records density changes in a column 8-10 
cm. long and situated at a distance of 5040 cm. from the top. The settling depth is counted from 
the top of the sedimenting column to the mean position of the middle point of the hydrometer bulb. 

modification in the hydrometer technique is the arrangement for taking readings. The ordinary 
method of inserting a paper scale in the stem, is not very accurate, and an error of a few millimeters 
m the readings might be easily made, as a result of the water surface not providing a sharp line of 
reference. In this case the tip of an ordinary pin attached to a thin brass cap fitting on to the top 
of the hydrometer stem, forms the reference point, and readings are taken against the graduations 
on a burette tube, held in a special clamp. The mouth of the burette tube is closed witfc o ‘ 


# Tkis work was carried out by the help of a grant from the Imperial Council of , 
Research, and the writer takes this opportunity of recording his indebtedness to the Council 
lodgments are also due to the Department of Agriculture, Punjab, for the loan of apparatu 
facilities for work. 
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of the burette tube. This simple device enables one to take hydrometer readings within a fraction 
of a millimeter, and does away with the necessity of having a paper scale inode the stem. Toavoid 
parallax the graduations on the burette tube should be all round the circumference as m the Char- 

l0tt Thirteen soils of varied mechanical composition were used for comparing the hydrometer and the 
standard pipette method. The results discussed in the original paper showed a very good agree- 

ment between the two methods. _ , , , 

Half a dozen hydrometers can be conveniently handled for routine work and should prove the 
quickest means of mechanical analysis, giving directly the summation percentage curves for sods; 
the results being directly comparable to the pipette method. (Author's abstract) 


L 


PUBLICATIONS OF THE IMPERIAL BUREAU OF SOIL SCIENCE. 

I. Technical Communications. 

The following are obtainable at the prices quoted (post free). Purchasers are 
respectfully asked to send remittances with their orders. 
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